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FOREWORD

Among the important diseases of major food crops the late blight of potato is
one of the most difficult for us to understand and combat. Despite the intensive
studies that have been devoted to it, the conditions for blight occurrence are still
not thoroughly known. Frequently, a severe unexplained outbreak of the disease,
or its appearance in a region where it was previously unknown, revives problems
that had been considered already solved or raises new questions.

Observations wherever the disease appears throughout the world contribute
knowledge for better understanding and solution of these problems. This worldwide
account of recent epidemics of potato late blight provides a useful background of
epidemiological information. This Handbook is the first review of conditions as-
sociated with late blight outbreaks throughout the world. Its length is due to the
inclusion of the detailed information that is necessary to permit comparison
between regions and correlation with climatic data. The detail cannot be omitted
without lessening the precision and therefore the usefulness of the data.

We gladly acknowledge our indebtedness to the authors who undertook this
arduous task, and to others of the Plant Pathology Laboratory, Ministry of Agri-
culture, Fisheries, and Food, Harpenden, England, who made this study possible,

The inception of this collaborative effort was a joint consideration between the
Crop Plant Disease Forecasting Project of the Crops Research Division, Agri-
cultural Research Service, United States Department of Agriculture, and the De-
partment of Plant Pathology, University of Wisconsin, Madison. The program was
administered by the Wisconsin Alumni Research Foundation with funds for conduct
of the work provided by the United States Government.

The results of this extensive study should be useful to plant pathologists
throughout the world and especially to the many plant pathologists of the Crop
Plant Disease Forecasting Project. It is hoped thatthe review will provide a basis
for additional studies on the impact that plantdiseases have on crops and the sub-
sequent economic conditions in various parts of the world.

Cfops Research Division
Agricultural Research Service
U. S. Department of Agriculture
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This study was made possible by the Wisconsin Alumni Research Foundation, U.S.A., which
administered funds for the purpose. Through the efforts of A, J. Riker, University of Wisconsin,
who was especially interested in assembling world data about important epidemic plant diseases,
the authors were able to undertake a comprehensive review of recent epidemics of potato blight
throughout the world. A. E. Cox, agriculturist,and E. C. Large, plant pathologist, Plant Pathology
Laboratory, Ministry of Agriculture, Fisheries, and Food, Harpenden, England, under the direc-
tion of W, C. Moore, of that Laboratory, worked jointly in making contacts with specialists, in
assembling the data, and in preparing the report. The maps and diagrams were prepared by V. J.
Pearson, of the above-mentioned Laboratory.
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INTRODUCTION

Over a century has now passed since the
potato late blight fungus, Phytophthora in-
festans (Mont.) de Bary, found its way from
the New World to the Old, and first ravaged
the potato crops of Europe. Since 1845 the
fungus has been the subject of innumerable
studies: The commonly occurring stages of its
life history and the phases of its parasitism
upon its solanaceous hosts are now well known;
but, like the true cryptogam that it is, it still
contrives to conceal much from human scru-
tiny. After more than a century of search its
sexual reproduction by means of oospores
has only recently been found occurring on po-
tato plants in the field--in Mexico. The means
by which it succeeds in producing new races
or strains elsewhere in the apparent absence
of a sexual phase remains a subject of dis-
putation. The relations between sporulation
and spread of the fungus and the microclimatic
conditions within potato crops are now under
active investigation but are still very im-
perfectly known; real progress in blight fore-
casting has been made in recent years, but
forecasting is still upon an empirical basis.
A vast expense of money and labor goes each
year upon control measures, but our debt to
the partial blight resistance of some varieties
cannot be realized and the rationale of spray-
ing in relation to the frequency and nature of
the epidemics is still imperfectly understood.

Of all the mysteries of potato blight that
will surely be engaging agriculturalists, plant
pathologists, and plant breeders for genera-
tions yet to come, perhaps the greatest, and
certainly the most economically important,
is the real extent and magnitude of the losses
that the disease causes among the potato
cultivations of the world. There is anintrinsic
difficulty in measuring the incidence and the
effects of any plant disease over extensive
.areas, and the branch of plant pathology con-
. cerned with such work is still in its infancy.
It is only in very few countries of the world
.that there is sufficient field survey informa-
.tion to define the courses of the blight epi-
.demics or to support even approximately
,accurate estimates of the losses they cause,
At present, very little precise information is
,available.

. The objective of this study is (1) to explore
as far as possible the findings in those coun-
tries where special surveys have been made;

"(2) to draw attention to the methods used; and
13) then to apply the results in principle for

he interpretation of such scattered informa-
ion as is available in other countries, to
rovide the beginnings of a mid-twentieth cen-
ury conspectus for the world. It cannot be put
igher than that; a little has been done, more
‘emains to be done, and it will have to be done
n the field.

It would be idle *o attempt todescribe potato
blight epidemics except againstthe background
of the distribution and climatic requirements
of the potato cultivations in which they occur.
To do this for all countries, and for all the
differing regions in countries extending across
whole continents, could not be profitably at-
tempted in a couple of years, This study is
therefore confined to a limited number of
countries, and regions within those countries,
which among them probably experience most
of the types of epidemic that occur in the world.
For each country studied a fairly full section
or case study was compiled, after first setting
forth some very brief general observations on
the potato as a world crop, and on the life
history of the fungus, for the assistance of in-
terested readers who may be neither profes-
sional agronomists nor plant pathologists.

An indication of the world distribution of
potato growing is given in figure 1. Ingeneral,
principal areas of production were chosen for
the closest study. However, in view of the
recent introduction of potato blight into a num-
ber of countries where it was previously un-
known--a second wave of world dispersal
related to the speeding-up of communications,
expansion of agriculture and commerce, and
troop movements of this twentieth century--
some countries where relatively few potatoes
are grown but where interesting or alarming
epidemics have occurred were included. Some
countries are also included to exemplify limit-
ing conditions both for the crop and for the
occurrence of the disease. A map showing the
world distribution of Phytophthora infestans
on potatoes is already available (Commmon-
wealth Mycological Institute (C.M.l.), 1954;!
the distribution of the fungus is now for all
practical purposes coincident with that of the
potato itself. Serious losses from the disease
on outdoor tomatoes have occurred in recent
years in many countries, but the world dis-
tribution and present status of tomato blight
has already been investigated (Miller and
O’Brien, 1955), and the disease on tomatoes
is referred to only where it is of particular
importance as a link in the chain of infection
of potato crops.

In the section on each country the extent
and distribution of potato growing, the im-
portance of the potato in the country’s food
supplies, the principal varieties grown, the
nature of the cultivations, and the times of
planting and harvesting are given first, Then
the cropping periods are related to the long-
term average rainfall and average daily mean
temperature for each month of the year at

1 References to Literature Cited (p. 207)are herein indicated by.the
name of the author (or authors), followed by the year of publication.



~sotwap1da 311q o1e30d jo Aprus uesaad o Ut pAPNIAUW 2501 oIe PIWEU $ALMUNOD
*9geT ‘joOqIeox vonezuedio remanou8y pue pood o pue ‘$G6T ‘PHOM 93U JO SEBV STUIOU0DF PIOJXO W UO paseq tsa01e10d JO UOINGIDSIP PHOM--"T am314

—
5,00

VLSOV s919y 0O0O'ST 4004 =300 4203
v

vD1¥4vV HINOS

vOIuY
w2

Jojonby

SNOOYIWYD

N0t

VI¥LSNY ‘ONY10d
ANVWY1D ‘N3ITIMS ‘AVMYON

FAVWNIQ SANVIY3HLIN ‘WNI D138
adouny |0sua) 2 WRYHON




representative weather stations. For this pur-
pose a number of small ‘‘climagrams'® were
constructed to show up as clearly as possible
similarities and differences in widely sep-
arated parts of the world. The explanatory
notes on the climagrams given in figure 2,
are important not only in helping to define
cropping conditions, but also, later, in re-
vealing the mean temperatures and rainfall
associated with the several types of blight
epidemic. These climagrams show only the
mean temperature line. The diurnal range
of temperature also affects cropping and the
incidence of blight, but this and other climatic
factors are discussed in the text., Fuller
relevant information on climate is available
in Kendrew (1937).

No attempt is made in the climagrams to
portray humidity conditions, althoughlowtem-
peratures in relation to latitude often reflect
the modifying effects of cloud and coastal or
mountain fog. Very detailed humidity obser-
vations at frequent intervals during the day
are needed to reveal the actual incidence of
‘blight weather.'’ For those few countries
where such observations have been made, the
findings, and the methods used, have been
described in detail; but only. very cautious
inferences can be drawn from humidity data
available for the rest of the world. Average
humidities are among the most unreliable of
climatic parameters,

The incidence of potato blight in each coun-
try or region is determined by the frequency
with which ‘‘blight years’' occur and by an
account of what constitutes a ‘‘blight year"’
in that particular locality, in terms of the
stage in the growing period at which the potato
plants are defoliated by the disease, and also
in terms of the consequent effect on totalyield
and on blight infection of the tubers. Some
countries had considerable data; in other
countries statements were obtained that in
such and such years the disease was ‘‘severe’’
on ‘‘moderate’’ or ‘‘slight,’’ with little to de-
, fine such terms, except perhaps the results
i of a few spraying trials and some clues from
‘ scattered observations on the foliage. In some

other countries, as in England and Wales,
during recent years systematic surveys on
hundreds and sometimes thousands of crops
were made each year, and these surveys were
condensed and summarized. In general, epi-
demics for the period 1947 to 1956, inclusive,
were reviewed; but where important series of
trials were made over sequences of years
before that, the earlier trials were sometimes
included.

Where possible the unrestricted epidemics
occurring on unsprayed crops--usually prin-
cipal maincrop varieties--aredescribed. Then
the modifying effects upon the epidemics of
‘any spraying or other control measures adopted
in the country, with practical particulars of
those measures and the extent to which they
are used, are shown. Under control measures
not only protective and destructive spraying
are considered but also the far more subtle
and often almost unconsciously adopted meas-
ures that become more apparent from a study
of the blight epidemics themselves, such as
measures of disease escape, retardation of
infection by the avoidance of overlapping
cropping, and the like.

The work of the past quarter of a century
on attempts to breed blight-immune varieties
by taking advantage of the genes for resist-
ance present in Solanum demissum and other
wild potato species; the consequent discovery
of new biotypes or races of the blight fungus;
and the further stages of attempting to defeat
these by search for ‘‘field resistance'’ and
other means, are considered briefly in the
sections for countries in which the work has
been done. The part played by partially re-
sistant varieties, old or new, in modifying
the incidence of blight and reducing losses,
is a matter most germane to any study of
blight epidemics.

Finally, the main findings for each country
are summarized briefly at the end of each
section. In a final chapter, without attempting
a full interpretation of the body of the work,
the writers have set out some factors that
appear common to blight epidemics in the
world as a whole.

POTATOES AS A WORLD CROP

In such a study as this, which by its terms
of reference concerns only a single disease,
there is a danger of conveying the impression
that late blight is the major cause of low
yields in potato crops wherever blight occurs
and low yields prevail. This is entirely fal-
lacious, Lack of rain, inadequate nutrition,
poor cultivation, and virus diseases from
>oor seed are often far more potent factors.
Fo put matters into perspective, it is neces-
lary to say something of the requirements of
he potato crop and its part in world agricul-
ural economy.

Potatoes do best under moist, temperate
conditions, where the growing season is long.
The greatest concentration of potatoes occurs
in northern and central Europe (see fig. 1),
and the European continent as a whole contrib-
utes about 75 percent of the world's produc-
tion. The maritime climate of northwestern
Europe is almost ideal for potato growing,
and it is from this area that the highest aver-
age yields (10 tons per acre inthe Netherlands
and Belgium) are recorded. In many European
countries potatoes form a large part of the
people’s diet. In North Ameri-a the crop is

3
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relatively less important, and the short grow-
ing season and high summer temperatures over
much’ of the continent affect yield adversely.
Potatoes are amajor cropin some South Amer-
ican countries, notably in Peru, parts of Chile,
Argentina, and Brazil. In countries on or near
the Equator they are grown athigh altitudes, as
temperatures at low altitudes are too high.

Although the distribution of potato growing
is in close accordance with the distribution of
population in Europe, North America, and
South America, this is clearly not so in the
countries of Asia, in many of which rice is
the staple food. The largest acreages of
potatoes grown in the Far East are in China,
India, and Japan, but here it is only in Japan
that the crop makes an important contribution
to the diet of the people. Potatoes are only a
minor crop in Africa, where they are grown
principally at high altitudes. The acreage is
small in Australasia, but this is chiefly be-
cause of a low demand for potatoes due to the
small population,

Apart from their use for human food, pota-
toes are fed to livestock, mainly pigs, and they
are used in industry for the production of
potato flour (farina) and alcohol, The use of
potatoes for livestock is largely confined to
those countries where there is a large agri-
cultural labor force. According to the impor-
tance of potatoes in the diet of the population,
the countries of the world can be divided
roughly into four groups. Those with a high
human consumption of potatoes (300-400 1b.
per head per annum) include a number of
European countries--European Russia, Ger-
many, Poland, and France. In each of these
countries a large proportion of the total
potato crop is fed to livestock and used for

industrial purposes. Peru is one of the few
countries with a high human consumption of
potatoes that has no important alternative out-
let for the crop. Countries with a medium
consumption rate (200 lb. per person) include
Great Britain, Holland, and Sweden. Most of
these have alternative uses for potatoes other
than the ware market, but in Great Britain
surplus potatoes can prove an embarrassment
and are only reluctantly taken for livestock
feeding. The U.S.A., Canada, and Australia
represent countries with a low rate of human
consumption (100 1b.). The ware and seed
markets are the only outlets for potatoes in
such countries, and at the present time the
crop is barely holding its ground in the face of
competition from other vegetables. Lastly,
there are a number of countries where potato
consumption is very low (generally less than
20 1b. per head per year). These include India,
Pakistan, and Mexico, where potatoes become
in effect a luxury crop and their contribution
to the national diet is negligible.

The present planting of potatoes throughout
the world is about 57 million acres (F. A, O.,
1956). This represents only about 121 percent
of the land area devoted to wheat, which is
the most important grain crop. There is little
international trade in potatoes. This is ex-
plained by the bulkiness of the crop, its
liability to deterioration during transit, and to
stringent important regulations. Nonetheless,
some important trade goes on in seed pota-
toes, notably from Holland, Canada, Ireland,
and Scotland. There is also some trade be-
tween countries on a small scale in out-of-
season potatoes; as, for example, the export
of early potatoes to Great Britain from a
number of Mediterranean countries.

SOME FACTORS AFFECTING POTATO YIELDS

Climatic conditions, daylength, soil type,
cultural treatment, and the incidence of dis-
eases and pests all affect the yield of pota-
toes. A few of the principal factors have now
to be considered individually, as a part of the
background of our study, but their interrela-
tionships must also be borne in mind. The op-
timum water requirement of a potato crop, for
example, will depend on temperature and soil
conditions, and climate profoundly affects dis-
ease and pest attacks.

TEMPERATURE. The work of Bushnell
(1925) is usually referred to when considering
the optimum temperature conditions for tuber
formation in the potato crop (Van der Plank,
1946; Burton, 1948). Bushnell found that maxi-
mum tuber production occurred over the tem-
perature range 590-64° F., but his experi-
ments were conducted with plants grown at
constant temperature, a state of affairs very
different from that in nature. However, it
would seem that if Bushnell's limits are

slightly widened, say to 580-65°, this range
represents the usual condition occurring in
practice during the latter part of the potato-
growing season in those parts of the world,
notably northwestern Europe and northeastern
North America, where the largest potato
yields are produced. The many climagrams
given in following sections bring out this
point. The temperatures during the last 2
months before lifting are most important, as
it is then that the bulk of the crop is formed.

Potatoes are intolerant both of high tem-
peratures and of frost. Bushnell (1925) found
that tuber production ceased at 84©F., and
Bald (1941) has said that in areas of Australia
where mean monthly temperatures exceeded
750 potatoes did not produce a profitable crop.
Thus, potatoes are not grown on any large
scale in any part of the world where the mean
temperatures during the hottest part of the
growing season is much in excess of 700,
Again some allowance needs to be made for

5



airrerences between continental and maritime
climates. To some extent, too, there is an
interaction between temperature and daylength
(Driver and Hawkes, 1943), Thus, short days,
of less than 12 hours, modify the effect of
high temperatures.

In most of the principal potato areas of the
world frosts mark the beginning and end of the
growing season. The mean temperature at
which frosts are likely to occur varies ac-
cording to situation, but in practice planting
usually takes place in the month that mean
air temperatures approach 50° F,, and lifting
begins at about the same temperature. (See
fig. 2 and other climagrams.,) In certain
frost-free areas, as in the Ayrshire early
potato-growing district of Scotland, potatoes
are planted, and a considerable amount of top
growth is made before mean temperatures
reach 509 and in the Sierra of Peru the
whole growing season occurs at about this
temperature; but these areas are exceptional.
The importance of temperature is thus seen
to lie not only in its effect on tuber produc-
tion but also in the effect on the length of the
growing season, and the length of the growing
season is often too short to allow maximum
potato production, particularly under conti-
nental conditions. Very roughly the potato-
growing areas of the world may be divided
into two main types: Those such as Aroostock
County in Maine, U,S.A., northern Sweden,
and the Leningrad district of the U.S.S.R.,
where the growing season is short (about 120
days) and there is insufficient time for late
or maincrop varieties to produce their maxi-
mum crop; and those, such as Great Britain,
Holland, Australia, and New Zealand, where
the growing season is long (166 days or more)
and late varieties die down naturally some-
time before lifting.

RAINFALL. Although an adequate supply of
water is the most important factor affecting
yield in the potato, it is impossible to gen-
eralize about the plant's actual rainfall re-
quirement, The distribution of the rainfall
over the growing season is important. A given
amount of rain evenly distributed over the life
of the plant may be just what is required, but
the same amount coming in a few heavy rain-
falls may lead to waterlogging of the soil and
actual mechanical damage to the potatoes,
The rate of water loss from the soil both
by evaporation and drainage is also
relevant,

The greater part of the world’s potato crop
is grown under rainfall without the aid of ir-
rigation. The rainfall may be excessive, as
in the high valleys of Mexico, parts of Africa,
and the hill crop potatoes in India; under such

conditions, often characteristic of high alti-
tudes, yields are generally very low. Rainfall
is generally adequate in maritime areas or
localities under maritime influence, as in
northwestern Europe and the northeastern
areas of North America, where the highest
potato yields are obtained, and fluctuations
in yield from year to year arenotusually very
great. Rainfall is often insufficient under
continental conditions, as over a large part
of European Russia and the midwestern states
of the U,S.A, The crops then often suffer from
drought, and yields fluctuate considerably from
year to year.

Potatoes may also be grown wholly or partly
under irrigation, as, for example, inthe Medi-
terranean countries, western U.S.A,, and parts
of South America and India. In these areas it
is channel irrigation that is almostuniversally
employed. The use of spray irrigation is con-
fined to supplementing rainfall under more
temperate conditions.

DAYLENGTH. Work on the effect of photo-
periodism on yield and maturity of the potato
has been fully reviewed by Driver (Driver and
Hawkes, 1943). Most of the world's potato
crop is grown at middle to high latitudes
under long-day conditions, and these favor
maximum vegetative growth., Under short-day
conditions in equatorial regions, top growth is
smaller, maturity is speeded up, and yield is
decreased. This latter statement has, how-
ever, been challenged by Moreau (1944a),
working in East Africa. Particular potato
varieties have a definite photoperiodic re-
sponse. Thus, a short-day variety is suited
only to short-day conditions, and when grown
under long-day conditions it will failto produce
tubers. But many varieties are day-neutral.
An example is the Americanvariety Kennebec,
which outyielded all others in trials in Florida
and Iceland. In Florida a winter crop is grown
and the daylength may be as short as 9 hours;
in Iceland in June the daylength reaches 21
hours.

SOIL CONDITIONS. Most of the potato crop
is grown on sandy or closely allied soils,
which can be easily worked and which dry
out quickly after rain. This is particularly
important where the growing season is short,
as under continental conditions, because plant-
ing and lifting have then to be done quickly
and delays due to waterlogged soils cannot be
tolerated. Light soils, however, are generally
short of organic matter and their moisture-
holding capacity may be so low that the yield
suffers. Where the growing season is long,
soils of heavier body (medium and heavy silt
loams) often make the best potato soils, asin
the Netherlands and New Zealand.



LIFE HISTORY OF THE FUNGUS ON POTATOES

HOW THE DISEASE SPREADS

It is not within the scope of this study to
review the immense world literature on the
biology of Phytophthora infestans. All that is
necessary is to explain a few technical terms
frequently used in the following pages and the
way in which the fungus lives as a parasite on
its potato host, with the requirements for its
survival and spread. It is in the light of this
knowledge that all accounts of late blight
epidemics, wherever they may occur in the
world, must be seen and interpreted.

The fungus survives the winter as living
mycelium in potato tubers. When these in-
fected tubers, planted or remaining in the soil
as groundkeepers, produce new growth in the
spring, the fungus, still in the form of liv-
ing mycelium, succeeds in invading a few of
the shoots--a very few of them--and comes
aboveground within their tissues. When certain
necessary temperature and humidity conditions
occur, the mycelium of the fungus produces
hyphae, known as sporangiophores, . which
thread out, usually through the stomata of the
leaves and stem, and project into the air. On
these sporangiophores the microscopic spor-
angia of the fungus are formed, They become
detached and drift off when ripe, and they are
also dispersed by rain. Some reach healthy
potato leaves and stems nearby and if these
remain wet from rain or dew for a sufficient
time, the sporangia germinate., At rather high
temperatures they may germinate directly,
each sporangium putting forth a single germ
tube, but generally and under cooier conditions
they germinate indirectly, the protoplasm
within the sporangium first breaking up into a
number of smaller swarm-spores, Or z0o-
spores, which swim about in the water on the
leaf, and may each produce a small germ tube
of its own. After the spore has germinated
it may infect the potato leaf or stem on which
it is resting, and in this infection process the
germ tube of the spore penetrates the leaf
cuticle, or, occasionally, enters the leaf by
way of a stoma, and then initiates a growth
of the fungus mycelium in and among the leaf
cells. The invading mycelium debilitates the
cells on which it feeds, and as these begin to
decay it spreads peripherally intofreshtissue.
The period from infection (successful pene-

, tration by the germ tube) to the appearance of

a visible blight spot, or lesion, on the leaf, is

known as the period of incubation.

.Given a recurrence of the same favorable

_temperature and humidity conditions that in-
‘duced sporulation on the first infected shoots,

the new lesions will in turn produce spore-
bearing hyphae, and the first generation of
the fungus is completed. At this stage, the
Dumber of blight spots on the originally in-
fected plant and those nearbyis generally quite

small, but a primary focus of the disease has
been established in the potato field.

From this focus of infection more spores
are disseminated; another crop of lesions cov-
ers a greater radius; these lesions in turn
sporulate with successive spells of favorable
weather, and after two or three such genera-
tions of the fungus, blight spots may be found
here and there, generally but lightly dis-
tributed over an entire field, and beginning
in other fields in the vicinity.Epidemic spread
may then be said to have begun.

At first the damage is negligible, for the
crop loses only a few leaves here and there,
but if the attack is not checked by protective
spraying or dry weather, there will be pro-
gressive decay of the foliage as the estab-
lished lesions increase in area and new ones
develop. The course of the epidemic may be
rapid or slow, always according to weather
conditions, and the crop may be affected in
two distinct ways. (1) If the foliage is killed
prematurely the yield will be reduced by what
is in effect a reduction of the growing period;
the earlier the haulm is killed the greater the
loss of crop.(2) Andifliving sporangia from the
diseased foliage reach the tubers themselves,
these also may be infected, causing a further
loss, either in the ground or in storage.

In wet weather, sporangia are washed down
from the foliage onto the soil. Normally the
soil cover protects the tubers to a great ex-
tent, but where the soil cover is inadequate
or the soil texture or moisture content render
it permeable by the sporangia, some tubers
will be infected before lifting. If, at lifting,
the tubers are exposed while the fungus is
still sporulating on partially diseased foliage
or if living sporangia are still present in the
surface layers of the soil, further infection
of the tubers will occur. This infection will
not be apparent at the time, but it will develop
in storage.

The infection of the tubers completes the
life cycle of the fungus. The vast majority of
the blighted tubers rot in the ground or during
storage, at least to such extent that there is
no living mycelium left in them by the following
spring. As far as possible, blighted tubers
are removed from seed stocks, and of the
few that pass undetected not one in a hundred
gives rise to affected shoots aboveground.The
first infected shoots among the crops are rare
and hard to find, but these, together with oc-
casional infected shoots arising from ground-
keepers, and from discards by clamp sites
or cull piles, are sufficient to start the blight
epidemics each year.

HOW HUMIDITY AND TEMPERATURE
CONDITIONS AFFECT THE FUNGUS

The temperature and humidity conditions
known or believed to be critical for each
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phase of the survival and spread of the fungus
may be stated briefly as follows:

SURVIVAL OF MYCELIUM INTHE TUBERS.
It may be expected that where seed tubers
are subjected to temperatures of 86°F. or
over for any considerable time in storage,
transit, or in the soil, the fungus will not
survive in them (Jensen, 1887). There appears
to be no lower limit for the survival of the
mycelium; chilling or frosting that does not
kill the tubers does not kill the fungus. Van
der Zaag (1956) found that the mycelium was
killed when seed tubers were immersed for
1 hour in water at 1109, This treatment dam-
aged the tubers themselves when carried out
in April, but not in December.

SPORULATION. In experiments under rather
artificial constanttemperature conditions,i.e.,
without the diurnal variation of temperature
occurring in nature, Crosier (1934) found that
sporangia were never formedinanatmosphere
at less than 91 percent relative humidity,
and that humidity approaching 100 percentwas
required for their abundant formation. In a
saturated atmosphere, temperatures of 62° to
729F, were optimum both for rapidity and
intensity of sporulation. Sporangia commonly
appeared within 8 hours and were abundant
in 14 hours. At 46° to 59° sporangia were
fairly numerous in 24 hours and plentiful in
58 hours. At 37° only a few sporangia were
formed in 6 days. Sporangia produced at tem-
peratures over 70° did not germinate well.
The sporangia were found to lose their viabil-
ity in 1 to 2 hours in very dry air (20 to 40
percent relative humidity) and in 3 to 6 hours
in air at 50 to 80 percent relative humidity.

Although the main sporulation conditions as
defined by Crosier are supported by the find-
ings of the majority of workers, it must be
noted that the capacity of the fungus for some
restricted sporulation in the field under ap-
parently adverse high temperature and low
humidity conditions was reported by Wallin
(1953).

LIBERATION OF SPORANGIA, In explora-
tions of the spore content of the air at 6 feet
and at 18 inches above the ground in potato
fields during the course of potato blight
epidemics in England, Hirst (1953) has found
that rapid liberation of sporangia starts at
about 8 o'clock in the morning (0800 hours)
and reaches its peak at about 10 o'clock
(1000 hours). This is consistent with De Bary's
(1887) suggestion that spore discharge occurs
with the hygroscopic twisting movement of the
sporangiophores exposed to rapidly changing
humidity, and indicates that liberation coin-
cides with rising temperatures and the disap-
pearance of dew and raindrops from the leaves.

The ripe sporangia may, however, bedislodged
and dispersed by rain at any time of the day or
night.

gCI.ERMINATION AND INFECTION. Crosier
found that free water or dew on the leaves is
necessary for the germination of the sporangia.
Direct germination, without the production of
zoospores, can occur over the temperature
range 48° to 799 F., but has a definite optimum
at about 75°. Little direct germination occurs
in 8 hours, and about 32 hours is necessary
for maximum germination in this way. Direct
germination therefore probably plays little
part in the spread of blight in the field.

Indirect germination, by zoospores, requires
free moisture, and a rather low temperature
(50° to 59°F., optimum 55°) for a period of
only 1/2 to 2 hours. It may also take place at
temperatures as low as 37° or as high as 70°,
but the time required is considerably longer.

After the zoospores have germinated a fur-
ther period of at least 2 to 2% hours at 50°
to 77°F. is required for the infection process,
or penetration of the term tubes into the host
tissue. The whole process of indirect germi-
nation and infection thus requires a period of
23 to 4% hours with free moisture on the leaves
and cool conditions over at leasthalf thistime.

INCUBATION. After penetration of the germ
tubes into the host tissue the fungus develops
most rapidly at 64° to 70°F., i.e., at about
the same temperature as that which is also
optimum for sporulation. Under such condi-
tions Crosier found that new lesions appeared
in 3 to 5 days. Thran (cited by Uhlig, 1955)
found that the incubation period could be as
much as 13 days at 53°, 6 days at 60°, and
2 to 3 days at 68°, Very varied figures have
been given by other workers, but in general
the period is 3 to 5 days.

SURVIVAL OF THE FUNGUS IN LEAVES
AND STEMS. Crosier found that continuous
temperatures of 86° F. checked the growth of
the fungus in the field, but that intermittent
temperatures of 68° to 86° during the day
were not particularly unfavorable to it, and
that in potato stems it would tolerate inter-
mittent high temperatures up to 94°. In one
trial, one stem lesion out of 197 developed
sporangia on plants exposed to bright sunshine
and maximum tempevatures of 110°to 115°for
6 days. This capacity of the fungus to remain
viable in stem lesions during hot dry weather
and to start sporulating again when more
favorable conditions recur has been noted in
England by Clayson and Robertson (1955), and
extensively investigated in the U.S.A, by Hoy-
man and Wallin (1957), who reported survival
of the fungus after exposure for short periods
to temperatures as high as 114°,



"BLIGHT WEATHER"

As it is a part of the rhythm of nature for
air temperatures to rise during the day and
to fall at night, it might be expected that the
blight fungus, preferring rather warm con-
ditions for sporulation and rather cool con-
ditions for swarm-spore germination, would
produce its sporangia during the day (given
the necessary high humidity) and release
them in the evening to germinate during the
cooler night and in the night dews. Although
there may be some sporulation during the day,
Hirst has shown, at any rate under English
conditions, that the peakliberation of sporangia
takes place in the morning. This renders the
parasite less efficient than it might otherwise
be, and imposes a natural check on distant
spread of the disease by airborne sporangia.
There is no such restriction, however, on
local spread by splash and drip dispersal
of the sporangia by rain.

Although high humidity plays an extremely
important part in the development of a blight
attack, so also does rain. Rain provides
water necessary for the germination of the
sporangia on the leaves, it raises the humidity
within the crop by wetting the soil, and it is
responsible for much of the local dispersion
of infection. Hanni (1949) and Uhlig (1955)
put wet weather very high in their lists of
conditions favoring the mass increase of
blight, and this is in accord with common
observation.

The interplay of diurnal changes of atmos-
pheric humidity and temperature and the dif-
fering requirements of the fungus for sporula-
tion, spore discharge, and germination,
together with all the divers effects of wind,
rain, and varying density of crop growth,
render it unwise to attempt to postulate
what will or will not constitute ‘‘blight weather"’
from a mere consideration of the optimum

conditions for sporulation and germination
of the fungus as determined in the laboratory.
Very detailed micro-climatic investigations,
such as those of Johannes (1953a) in Ger-
many and of Hirst at Rothamsted, are neces-
sary to reveal what constitutes ‘‘blight
weather'' in nature and how it is, in fact,
related to any given combination of climatic
parameters.

‘‘Blight weather’ is a convenient term
for weather that permits the increase and
spread of the fungus in the field. The prob-
lem of what constitutes a ‘‘blight weather
spell,’”” or ‘‘critical period,’ has arisen in
attempts to forecast outbreaks. Progress in
this art has come from making intelligent
guesses in the formulation of empirical rules,
and then trying them out. With successive
modifications and limitations, these rules,
set out in this study in the sections on the
Netherlands, England and Wales, the Irish
Republic, the U.,S.A., and Western Germany,
now embody all we have of real knowledge
of blight weather; as a result, ‘‘fundamental
biological and meteorological .research’ is
laboring to catch up with the practical find-
ings.

In the consideration of blight in relation to
weather, there are successive levels on which
attention may be focused. First, the micro-
scopic level that is concerned with the be-
havior of spores in damp chambers; then
the close-up of blight lesion distribution in
small plots with meteorological instruments
among the plants; then the midview of epi-
demics in limited regions and attempts to
forecast them; and finally the long-shot view
of the world as a whole. This study is pri-
marily concerned with the world view of
blight weather and the broad climatic cir-
cumstances in which such weather occurs.



THE BRITISH ISLES

ENGLAND AND WALES

England and Wales, with a population ac-
cording to the 1951 Census of about 44 millions,
now produces 5 to 6 million tons of potatoes
each year, most of which are for human con-
sumption within the country. A small tonnage,
notably of surpluses, is fed to stock, but
very few potatoes are used for industrial
purposes. The potato acreage, which reached
over a million during the 1939-45 war, stood
at about 650,000 acres in 1954, of which
530,000 acres were maincrops (including
second-early potatoes), the rest being first-
early potatoes (M.A.F.F.[Gr. Brit. Ministry
of Agriculture, Fisheries, and Food], 1956).
The consumption of potatoes per head is about
200 1b. per annum.

Maincrop production is concentratedinafew
districts, with an even and relatively sparse
distribution elsewhere, as shown in the dis-
tribution map (for 1954) (fig. 3). The principal
districts for maincrops are the Fens and the
area round the Wash, where the crop is grown
on deep organic loams or on silt soils pro-
ducing very heavy yields; the Vale of York,
where the chief soils are sandy loams; Lan-
cashire and the Cheshire plains, mostly on
sandy soils of glacial origin. Important potato
areas are also in Bedfordshire, Essex, and
Kent, with London as their nearest market;

FIGURE 3.--Distribution of maincrop potatoes in England and Wales,
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near Birmingham; and in Durham, supplying
the coal mining districts of the north.

The principal maincrop varieties are Ma-
jestic and King Edward. Majestic accounts
for about 45 percent of the maincrop acreage,
and King Edward (including Red King), which
is regarded as the quality potato, for about
35 percent. Other popular varieties are Arran
Banner, Arran Peak, Dr. MclIntosh, and Red-
skin, each contributing 3% percent to the
total maincrop acreage. Very few really late
varieties are grown.

The planting of maincrops starts at the end
of March and continues into early May, ac-
cording to the season. Whole seed tubers
are planted with the sets about 18 in. apart
in the rows, and the rows 27 to 30 in. apart
(28 in. is the standard width). Lifting usually
begins about mid-September, but most of it
is done in October. The growing season is
therefore rather long--about 160 days. The
average yield is about 9 tons per acre. Chitting
(sprouting before planting) is practiced fairly
extensively in early districts and in the Fens,
and this gives the crops a start of about 2
weeks extra growth at the beginning of the
season. A newly revised bulletin on ‘‘Potatoes"’
(M.A.F.F,[Gr. Brit.], 1957) provides full in-
formation on potato cultivation in England and
Wales.

Early varieties are grown in most of the
principal maincrop districts; but the first
supplies for the early summer market come
from Cornwall, Pembrokeshire, the Scillies,
and the Channel Islands. The principal first-
early varieties are Arran Pilot and Home
Guard,

In 1954, Arran Pilot accounted for over
50 percent of the total first-early acreage,
and Home Guard for 21 percent. Other popu-
lar early varieties include Ulster Chieftain,
Ulster Prince, Duke of York, Eclipse, Ninety-
fold, and Sharpe's Express. Epicure and May
Queen have diminished in popularity since
1945.

In Cornwall and Pembrokeshire the plant-
ing of early potatoes starts in early February
and continues into March, with lifting toward
the end of May or early June. The seed
tubers are planted 12 to 15 in, apart in rows
24 to 28 in. apart. Often they are grownon
the flat, without earthing up. Yields are from
3 to 5 tons per acre. Early varieties in the
other districts, notably parts of Lincoln-
shire, the Cheshire Plain, Bedfordshire,
Essex, and Kent, are planted later and pro-
vide the continuation of supplies of ‘‘new"
potatoes in June and July.

Seed-potato growing in England and Wales
is chiefly confined to the production of good
‘‘once-grown’’ stocks--for which there is 2



certification scheme. Most of the ‘‘new'® seed
is imported from Scotland and Ireland, al-
though the upland or coastal areas in Devon,
Cornwall, Cumberland, and parts of Wales,
where climatic conditions are unfavorable
for the spread of virus diseases, produce
small quantities of the higher grades of
certified seed. About 60 percent of the main-
crop potato acreage is planted with certified
seed, almost all of which is imported from
Scotland or Ireland (Boyd and Lessells, 1954).

Key for the assessment of potato blight on the
haulm

Blight
Percent
0.0- - - - Not seen on field.
0.1- - - -Only a few plants affected here
and there; up to 1 or 2 spots in a
12 -yard radius.
1.0- - - -Up to 10 spots per plant, or gen-
eral light spotting.
5.0- - - - About 50 spots per plant, 6rupto
1 leaflet in 10 attacked. «}
25,0- - - - Nearly every leaflet with lesions,
plants still.- retaining normal

form; field may smell of blight,
but looks green although every
plant affected.

50.0- - - - Every plant affected and about
half of leaf area destroyed by
blight; field looks green flecked
with brown.

75.0- - - - About three-quarters ofleafarea
destroyed by blight; field looks
neither predominantly brown nor
green, In some varieties the
youngest leaves escape infection,
so thatgreenis more conspicuous
than in varieties like King
Edward, which commonly shows
severe shoot infection.

95.0- - - - Only a few leaves left green, but
stems green.

In the earlier stages of a blight epidemic,
parts of the field sometimes showmore
advanced decay than the rest, and this
is often associated with the primary
foci of the disease. Records may than
be made as, 1+ pf 25, where pf 25
means 25 percent in the area of the
primary foci.

Losses by potato blight in England and Wales
occur chiefly on the maincrop and second-
early varieties. Although the first outbreaks
of blight each year are usually on the early
varieties, these are lifted before sufficient
defoliation occurs to affect the yield, and
usually before the tubers are infected. The
following study of late blight epidemics in
England and Wales therefore refers essen-
tially to the disease on maincrop potatoes
(taken throughout as including second-early
- varieties), although, undoubtedly, blight foci

among the early varieties contribute to the
sources of infection of the maincrop in the
vicinity each year.

DELIMITATION OF ‘“‘BLIGHT ZONES"

During the second World War the need was
found for some precise but practical field
method of defining the course of blight on
potato crops in different seasons and in
different parts of the country. As a result
of this, an assessment key (as shown in col-
umn one) was worked out by a Disease Mea-
surement Committee of the British Mycologi-
cal Society (B.M.S., 1947).

This key was successfully employed in
local surveys (Moore, 1948) and for the study
of foliage protection in spraying trials (Large,
1945). In 1950, when a new section for plant
disease measurement and quantitative survey
work was started at the Plant Pathology
Laboratory (Large, 1953b, 1955a), the key
was put to use in national surveys. These
surveys, using a uniform plan, continued
for 7 years, are reported by Large (1956).
Thousands of records have been obtained
from all parts of the country; for England
and Wales, it is at last becoming possible
to define, measure, and compare the blight
epidemics occurring over a sequence of years
and to put an evaluation of the losses the
epidemics have caused upon a factual basis.
This is a realization, in some part, of plans
long laid by W, C. Moore, whose address
to the Association of Applied Biologists in
1949 on the significance of plant diseases in
Great Britain (Moore, 1949) provides the
background for all that follows.

Two points on the curves obtained by plotting
progress of blight on a time scale are of
particular importance (Large, 1952a). The first
is the 0.1-percent stage, defining the beginning
of epidemic spread, or ‘'‘outbreak,’'’ for pur-
poses of forecasting and the timing of spray-
ing. The second is the 75-percent stage of
defoliation, at which time further tuber devel-
opment is arrested (see fig. 8 and the section
on computation of losses). This latter stage
is discussed first, as the 75 percent maps
(75 to 90 percent in practice) provide the best
single picture of the severity and frequency
of the epidemics in.the several, regions of
the country (fig. 4).

Of the 6 years illustrated, 1950, 1953, and
1954 were ‘‘blight years,'’ with losses of all
the September growth over most of the south
of the country, and losses of some of the
August growth also in the southwest and the
Fen district round the Wash, but with little
or no loss in the north, In the other years
losses of growth occurred in the west, but
only here and there in the other zones. From
a study of the maps (Large, 1958) it becomes
possible to divide the country into four main
*‘blight zones'’:
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ENGLAND & WALES
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MID-SEPTEMBEF

T o oF
SEPTEMBER

FIGURE 4,--Zoning of England and Wales according to the date at
which the 75 to 90 percent blight stage was reached on unsprayed
maincrop potatoes in the years 1950-55,

Southwest zone- - -A southwestern and
west-coastal belt in-
cluding the potatogrow-
ing areas in Cornwall,
Devon, Somerset, Glou-
cester, Monmouth,
Glamorgan, Car-
marthen, Pembroke,
Cardigan, Merioneth,
Caernarvon, and Angle-
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sey; withanearlier sub-
zone containing Corn-
wall and Pembroke,
Fen zone- - - - - - - An area roundthe Wash,
roughly equivalent in
acreage tothat of the Isle
of Ely and the Holland
division of Lincoln-
shire, but extending
somewhat into Hunts,
and West Norfolk,
Southern zone - - -All the rest of the coun-
try south of Denbigh,
Cheshire, Derby, and
Notts., but including the
Kesteven and Lindsey
Divisions of Lincoln-
shire, and also the
northern county, Cum-
berland, where the epi-
demics are similar to
those in the south,
Northern zone - - -All remaining northern
part of the country.
These zones are indicated in figure 5, and
it will be seen how closely they represent
the mean pattern of shading--for time of
75-90 percent defoliation--in both the blight
years and the years with little blight in the
east, Naturally, these zones are not in fact
limited by county boundaries, but their areas
are here reckoned in equivalent county potato
acreages in order to arrive at the approxi-
mate percentage of the country’s total maincrop
acreage that is contributed by each zone.
This, on the basis of the 1954 distribution
(fig. 3), is given in table 1.

FREQUENCY AND SEVERITY OF THE
EPIDEMICS ACCORDING TO ZONE

With the above zoning, and taking in the
years 1947 and 1949, which were dry years,
and 1948, a ‘‘blight-year’’ rather similar to
1950, the frequency of epidemics of differing
degrees of severity, in the 4 zones, over the
10 years, 1947-56, was as shown table 1. The
mean dates at which growth was stopped by
blight are for unsprayed maincrops, and by
reference to figure 8 and the section of com-
putation of losses of which it is part, itis
possible to proceed directly to estimates of
the mean loss in yield due to defoliation on
the unsprayed crops in each zone and for
England and Wales as a whole over this
period. These estimates are entered in the
table--probably the first of their kind ever
to be presented for an entire country.

This analysis indicates that if all the main-
crop potatoes in the country had been left
unsprayed during the 10 years, the mean
annual loss due to premature defoliation by
blight would have amounted to about 8 per-
cent; that is to say, 8 percent of the total
yield that would have been obtained had blight
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FIGURE 5,--Key map, showing blight zones in England and Wales,

been entirely absent. But in the southwestern
zone, where every year was a ‘‘blight-year,”’
the’ mean loss would have been about 20 per-
cent; in the Fen zone, with 6 blight years in

10, about 14 percent; and in the large southern
zone, with only five moderately severe blight
years in 10, about 7 percent--less than the
average for the country as a whole.
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TABLE 1. --Frequency and severity of potato blight epidemics in England and Wales, 1947-56

Number of years in 10 in which growth was Mean loss per
. annum the 10
stopped by blight at-- +
Zone Maincrop years to--
acreage| Mid-Aug. End Aug., |Mid-Sept.,|End Sept., Whole

28 percent | 13 percent |4 percent no Zone ]

country

loss loss loss loss

Percent Percent | Percent
Southwesteseerveeeanenans 8 5 5 0 0 20 1.7
FensS.ieeeeeeneenseennaas| 13 4 2 1 3 14 1.8
Southern..ieeeeceanansas 51 0 5 2 3 7 3.7
Northern...eeeeeseeneess| 28 0 0 5 5 2 0.6
England and Wales.... - - - - - . 7.8

In the worst of the individual blight years,
such as 1950 or 1953, the national loss, on
the same basis, would have been about 16
percent; and in the years with least blight,
such as 1951, 1952, or 1955, a little over 2
percent.

COURSES OF THE EPIDEMICS IN THE FOUR
ZONES

Having established the blight zones of the
country by reference to the 75 to 90 percent
maps, we may now consider the development
of the epidemics within each zone. Figure 7,
given in the section on forecasting (p. 18),
shows the outbreak (0.1 percent) map, and
the regional blight progress curves obtained

for a ‘‘blight year'’ (1954). There is no con-
stant relation between the outbreak date and
the date at which tuber developmentis arrested.
The progress curves may be steep, or they
may be long-drawn-out, according to weather
conditions. Even in severe epidemics it is
rare for the attack to progress from the
0.1 to the 75 to 90 percent stage in less than
5 weeks, and in a lingering attack the period
may be 2 months or more.

Blight is not found at the 0.1 percent stage
in all the unsprayed crops in a region on the
same date; there is commonly a range in
time of about a fortnight, between the first
and the last appearance of this small amount
of blight, Table 2 gives the range of outbreak
dates for each zone for the 7 years, 1950-56.

TABLE 2. --Times of outbreak, and weeks of growth lost at the end of the season,
maincrop potatoes, 1950-56

Southwest zone Fens zone Southern zone Northern zone
Year?!
outbreak | FTOT™ | outbreax || outpreak  [TOMIR | outbreax | TOTR
Weeks Weeks Weeks Weeks
1950-B... | Early July 7 Early July 7 Late July 5 Early Aug.- 3-1
mid-Aug.
1951..... | Late July- 3-5 End of Aug. 2-3 Farly Aug.- 1-3 Late Aug.- 1
early Aug. mid-Sept. mid-Sept.
1952..... | Early July- 5-8 Mid-Aug. - 1-2 Early Aug.- 1-3 Early Aug.- 1-3
early Aug. end Sept. end of mid-Sept.
Sept.
1953-B... | Early July- 6-8 Early July 5-6 Late July- 5 Late July- 1-3
late July end July late Aug.
1954-B... | Early July- 7-6 End of July 5 Late July- 5 Fnd of July-| 1-3
late July end July late Aug.
1955.....| Late June- 5-17 End of July-| 3-5 Late Aug.- 1-3 Mid Sept.- 0-1
mid-Aug. late Aug. end Sept. end Sept.
1956-B...| Late July- 5-7 End of July 6-7 Early Aug. 2-5 Early Aug.- 2-3
early Aug. late Aug.

1
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B = blight-year in the Fen and southern zones.



‘'Early July'' signifies the first 2 weeks of
that month; ‘‘mid-July'' the middle 2 weeks;
‘‘late July’' the last 2 weeks; and ‘‘end-July’’
the last week of July and the first week of
August, In this table the 75 to 90 percent dates
for the several zones and years are also
given, but they are expressed in terms of the
number of weeks before the end of September
at which this stage was reached. The result-
ing numbers are in fact good code figures,
of real biological significance, for express-
ing the severity of a blight epidemic, where,
as in England and Wales, tuber development
in crops free from blight normally ceases
by that date. By reference to the histograms
at the bottom of figure 8, or the growth
curve above them, these code figures may be
translated directly into probable losses in
tons per acre, or in percentage of potential
crop.

In the southwest zone outbreaks occur in
July every year, with frequent outbreaks in
June, and even in May on the early varieties
in Cornwall and Pembroke. In the Fen zone
they may occur early or quite late in July
even in the blight years; while in the southern
zone generally outbreaks are in late July in
the blight years, with a tendency to be earliest
in the coastal regions and latest in the cen-
tral, inland area. In the northern zone, August
outbreaks are most common, with many fields
remaining unaffected until late August or
September. Outbreaks tend to be somewhat
earlier in Lancashire and the southern part
of the Vale of York than elsewhere in the
zone,

WEATHER CONDITIONS

Climagrams showing the long-term average
rainfall and temperature conditions in the
four zones are given in figure 6. The upper
diagram, for Durha.m in the northern zone,
represents a district where the epidemics are
latest and least severe; while the second
diagram, for Penzance in the extreme south-
western subzone, represents conditions where
they are earliest and most severe. It will be
seen that even between these two extremes
there is no very great difference in mean
rainfall over the growing period. The prin-
cipal difference is in the higher winter and
spring temperatures at Penzance, which, with
freedomfrom frosts inthe sheltered coves, per-
mit the spring cropping of first-early varieties.

However, very great local variations in
both annual and summer rainfall occur in
England and Wales. The country is moun-
tainous to the west and north. On parts of the
Pennines, the Welsh mountains, and the high
moors of Devon and Cornwall, the annual rain-
fall exceeds 80 inches and it reaches 150
inches in a few places. Over most of the dis-
tricts in which potatoes are grown, however,
and certainly in the principal districts, which
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FIGURE 6.--Long-term average monthly rainfall and mean tempera-
tures in relation to potato cropping for three zones in England and
Wales, with July to September means for five blight years and five
other years in the southern zone.

are at altitudes below 200 ft,, the average
annual rainfall does not exceed 30 inches.

Rainfall and mean temperature figures for
the months of June, July, August, and Septem-
ber over the 10 years, 1947-56, are given in
table 3. Data for Cambridge have beenchosen,
as the deviations from average at this station
are fairly representative of a very large
part of the important southern blight zone
and also of Fens. The years are grouped
into ‘‘blight years'' and the ‘‘other years,"
in which the blight attack was late and caused
little loss.

To bring out a fact that disturbs all pre-
conceptions about reduction of potato yields
in blight years, the mean potato yields for
England and Wales, for each of the years,
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TABLE 3.--Rainfall and deviations from average temperature at Cambridge for June to
September, 1947-56, and mean national potato yields in "blight years" and other years

Rainfall Mean temperature Mean
Year, aversage, Potato
and mean June | July | Mug. | Sept. | June | July | Aug. | Sept. | vyield
Inches |Inches |Inches |Inches | °F. °F. °F. | %F. |Tons/acre
Long-term average... 2.1 2.2 2:4 1.6 58 62 61 57
"Blight years":
1948.'............ 2'4 105 5.5 l.6 +2 O +l +3 7.6
19500 ceiosssccenes 1.5 7.7 2.6 2.5 +5 0 0] -1 7.7
1953¢eee esssccccs 1.9 2.0 2.5 1.3 -1 -1 0 0 8.7
1954 e eeesseccecnns 1.7 2.7 3.6 1.7 -1 -4 -2 -2 7.9
1956cceecioscccccs 1.9 3.5 4.9 1.4 -3 0 -4 +1 8.3
Meaneeesssoeocns 1.9 3.3 3.9 1.7 0 -1 -1 0 8.0
"Other years'":
1947 ceeeeeennnenns 3.3 1.5 o2 1.0 +4 +3 +5 +3 5.8
1949. . cceesscennns .9 3.3 1.2 2 +2 +4 +3 +7 6.6
1951 ceeeecccccnnns 1.2 .8 3.3 2.2 0 +1 -1 +2 7.9
1952cececiescncncs 1.7 o5 2.6 2.3 +2 +2 +2 ~4 7.9
1955 . ceieccncnnne 2.1 5 1.6 1.6 0 +2 +4 +1 7.3
Mean.e.eeeeeeaoss 1.9 1.3 1.9 1.4 +1 +3 +3 +2 7.1

are added to table 3. The figures are taken
from the last published Agricultural Statistics
(M.A.F.F., 1956) with comparable estimates
from other sources for the years 1955 and
1956, The figures are for all varieties (early
as well as maincrop), butthey serve well as in-
dex figures for the level of yield in each year.

The blight years are characterized by high
rainfall and average or slightly low tempera-
tures in the months of July and August; while
the other years, with little or no blight, were
associated with low rainfall and temperatures
decidedly above the long-term average
( + 3°F.) in these months. These differences
are shown in figure 6.

The first and overriding economic effect
of the abundant rain and moderate tempera-
tures in the blight years was to favor the
growth of the potato plants, thus raising the
yields above average despite whatever losses
there may have been from potato blight,

That abundant rainfall and moderate tem-
peratures in July and August also favor the
development of severe blight epidemics is
well brought out in table 3, but this also shows
that a severe epidemic, such as that of 1953,
can occur with only about average rainfall
(21 in.) and normal temperature (about61° F,)
in August. Such conditions can occur any-
where in the country, and they may or may
not accompany severe blight attacks, The
main differences responsible for the differing
general levels of incidence of blight in the
four blight zones are to be sought, not in
mean temperature and rainfall, but in humidity.,

16

HUMIDITY CONDITIONS IN THE FOUR ZONES

The southwest zone, in which severe or fairly
severe epidemics occur almost every year,
is exposed to southwesterly winds bringing
in moist maritime tropical air. In this zone
from June to September, there are 1,000 to
1,250 hours during which the relative humidity
is 90 percent or more. These are mean dura-
tions as found by Smith (1954, 1956a) in his
humidity surveys of the country over the
years 1950-54. Cumberland is also exposed
to this moist air stream; but most of the
southern blight zone is in the lee of the
mountains and high land to the southwest and
has a seasonal mean of only 750t0 1,000 hours
of such high humidity. In the northern zone
particularly, dry areas occur in Lancashire
and Cheshire in the immediate shelter of
the Welsh mountains; and also in the lee
of the Pennines in Yorkshire, where the
count of high humidity hours is less than
750. This goes far to explain the low level
of blight incidence in the northern zone. In
the Fen zone, near the Wash, there is a high
water table in low-lying land, with exposed
water in many drainage channels. Undoubtedly
the Fen zone differs from the rest of the
south in high humidity due to these causes,
and, in common with some other east coastal
areas, it is occasionally affected by fogs
coming in from the North Sea.

Even such regional humidity differences,
however, do not entirely account for the
differences in frequency and severity of blight



in the four zomes, and in particular districts
within the zones. These differences have been
studied over the past 7 years in terms of the
frequency and times of occurrence of Beau-
mont periods;? that is to say, of humidity
periods of such duration and at such a tem-
perature as to permit sporulation and spread
of the blight fungus itself. The recording of
these periods all over the country has been
primarily for forecasting purposes; but it
has also revealed the weather spells after
the outbreak, during which further spread is
favored and the epidemics can progress most
rapidly. (See fig. 7.)

FORECASTING

Since 1950, potato blight forecasting by the
Beaumont humidity-temperature rule, with
instruments in screens 4 ft. above groundlevel
at standard weather stations, has been investi-
gated and developed throughout England and
Wales. Some 60 weather stations have taken
part in the work, and the validity of the fore-
casts (based on hourly records of humidity and
temperature) has been tested by hundreds of
observations of blight outbreak dates in the
potato fields in all parts of the country each
year (Large, 1953a, 1956). From this work it
has been found that with observations in
standard screens at weather stations and not
actually in the crops, individual Beaumont
periods are often at fault, but that ‘‘flushes"’
of such periods, occurring at a number of
stations within a blight zone, as revealed by an
‘‘operations-chart’’ (fig. 7), provide a reliable
basis for regional forecasting when an
additional working rule is introduced. This
additional rule is that in the southern, Fen, and
northern blight zones, ‘‘flushes'’ occurring be-
fore the last week in June are disregarded, and
that only ‘‘flushes’’ at or after that time are
to be taken as warnings.

This is anadaptation of the Beaumont scheme
to the particular circumstances within the
blight zones in England and Wales (other than
in the southwestern zone, where June flushes
are valid). This adapation reflects the factthat
although June flushes occur every year, and
they do undoubtedly permit the sporulation of
the blight fungus on the very few and widely
scattered infected shoots arising from blighted
tubers planted each year, they do not initiate
epidemic spread. The June flushes give rise
to small primary foci involving a few plants
only, and it is not until the potato plants begin
to meet the drills, reducing ventilation within

2By the Beaumont rule (Beaumont, 1947), spells of not less than
48 consecutive hours during which the relative humidity does not fall
below 75 percent and the temperature is not less than 500 F, are
expetted to be followed by blight outbreaks within 14 to 21 days.
Near-critical periods are those in which these conditions are not
broken for more than 1 hour in the 48,

the crop, and the next spell of critical weather
occurs, that distant or epidemic spread begins.
Epidemic spread occurs when blight at the 0.1
percent stage by the B.M.S. key (see p. 11) is
found over a considerable area in a field crop,
and this stage is taken as constituting an
‘‘outbreak’ for forecasting purposes in Eng-
land and Wales.

Important studies have been made by Hirst
(1955) on the very early stages of the blight
epidemics in England and Wales. However,
there is still a cryptic and only partially ex-
plored phase in the development of blight
epidemics, which includes the whole of the
happenings in the fields between the inadvertent
planting of blighted tubers in April and the
first appearances of new infections at the' 0.1
percent stage on the resulting foliage in July,
August, or even September. Whatever the true
story of this phase may be, forecasts based
on the occurrence of the first flushes of Beau-
mont periods in screens after the last week in
June are now enabling correct regional spray
warnings to be given year after year in Eng-
land and Wales. Thus, forecasting in this
country is now moving out of its investigatory
stage into firm establishment in practice.
The maps (fig. 4) show plainly thatitis chiefly
in the southern and Fen zones that forecasting
services are required, and it is here that the
scheme as now developed is giving its best
performances.

Figure 7 shows the operations chart for a
blight year (1954). There was the usual flush
in June, too early to herald the outbreaks. In
1954 it was the flushes about July 10 and July 17
that gave warning throughout the southern and
Fen zones of first outbreaks occurring over the
last week of July and the first week of August.
In the following year, 1955, there was no flush
of warnings after the end of June until about
August 13 in these zones, correctly indicating
the absence of outbreaks until the end of
August, too late to justify protective spraying.

In England and Wales the possibility of
forecasting by 90 percent humidity criteriahas
also been investigated (Smith, 1956b). By
analyses over the 5 years 1950-54, it was
found that the substitution of 11 hours at 90
percent relative humidity for the Beaumont
humidity requirement would give some slight
improvement in the performance of the scheme
as now operated, but that the disadvantages of
a changeover would, in practice, outweigh the
advantages.

AMOUNT OF PROTECTIVE SPRAYING DONE

The percentage of the crops in England and
Wales in which protective spraying or dusting
is done is provided by records from a repre-
sentative sample of some 2,000 crops each

17
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year on which crop-check weighings are car-
ried out for the purpose of estimating seasonal
supplies.® Table 4 shows the Percentages of
the maincrops in the four blight zones which
received any protective treatment in each of
the years 1953-56,

TABLE 4. --Percentage of maincrop potatoes
that received at least one protective
treatment in England and Wales, 1953-56

Zone 1953 {1954 | 1955 | 1956

Per- | Per- | Per- |Per-
cent |cent |[cent |cent

Southwesterneeseeeees 16 16 19 32
FenSeeeoseecesssececes 55 49 51 62
Southerneeeececccecess 40 44y 38 50
NorthernNeeeseseeocess 4 8 A 7

Average, England
and WaleSeeesoose | 28 32 28 39

On the showing of these figures the propor-
tion of the crops protectivelytreated was about
the same in the year with very little blight
(1955) as in the blight years 1953 and 1954, but
there was an increase in the blight year 1956,
and the number of applications, not ascertained
in these surveys, was undoubtedly greater in the
blight years. The figures indicate that in recent
years only some 30 percent of the crops (main-
crop) in England and Wales were protectively
treated; the proportion reached 50 to 60 per-
cent in the Fens and some parts of the southern
zone, notably Kent and Essex; 20 percentinthe
southwestern zone, and only about 5 percentin
the northern zone. As regards variety, in 1956
about 60 percent of all the King Edward crops
in the survey were sprayed; 30 percent of the
Majestic; and also 30 percent of the other
varieties.

Thus, it will be seen that in England and
Wales, where more than half the crops are left
unsprayed, it is possible first to estimate the
loss caused by unrestricted blight epidemics
on unsprayed crops, as has been done in table
1, and then to proceed to examine the extent to
which this loss is, or could be, reduced by
Protective spraying, in each of the now-defined
blight zones.

COMPUTATION OF BLIGHT LOSSES AND
GAIN FROM SPRAYING

The derivation of the method, now employed
in England and Wales, for estimating average

3 This work of crop check weighing is done by the Potato Marketing
Board, with whose kind permission these and other supplementary
figures were obtained for the Plant Pathology Laboratory in the
course of the ‘“‘crop-check surveys' included in this study. A brief
account of the organization and scope of the surveys is given in a
Paper by Large and Honey (1955) on the incidence of common scab
of potatoes in England and Wales.

losses of crop due to defoliation, from blight
pProgress curves for the haulmreadin conjunc-
tion with bulking curves for the tubers, has
been given by Large (1945, 1952). The practical
use of this method is here briefly explained by
reference to fig. 8.
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FIGURE 8,--Mean growth curve for maincrop tubers in England and
Wales, showing percentage of crop obtained according tothe date at
which blight reaches 75 percent on the haulm. Also the mean tuber
production per week in a 10-ton crop free from blight is shown,
Dotted growth curve shows deviation in late-planted crops.

The upper graph in this figure gives the
growth curve for maincrop tubers provisionally
taken as normal for England and Wales when
the haulms are unaffected by blight and die
down naturally at the end of September. The
curve is based on the results of fortnightly
liftings on 60 crops in the 6 years 1940-45
(Doncaster and Gregory, 1948), and is there-
fore a mean curve. In some years the course
of tuber development was relatively early and
in others relatively late. The curve is for
Majestic, the principal English variety, but
experience so far has shown that within prac-
tical limits, it may also be used for the other
early maincrop varieties grown in England and
Wales, notably King Edward (Rosser, 1957).
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Increase in the crop of tubers is taken to
cease when blight on the haulm reaches the 75
percent stage; the slight increase, if any, after
that stage is offset by the slowing down of
growth before it, which begins at the 50 percent
stage.

Hence, when the blight progress curve on the
unsprayed haulm is as ‘‘A,"’ in the middle
diagram, and reaches the 75 percent stage in
mid-August, only 72 percent of the potential
crop is produced and the loss (of potential
crop) is 28 percent.

If spraying retards the destruction of the
haulm by a little over a fortnight, giving a
progress curve as ‘'‘B,'" with the 75 percent
point at the end of August, then 87 percent of
the potential crop is produced and the loss is
13 percent. The gain from the fortnight's
prolongation of growth over the second half of
August is therefore 28 minus 13, or 15 percent
of the potential crop.

Except in those very rare cases inwhichthe
haulm is kept completely protected from blight
until the end of the growing period, the poten-
tial crop, were there no blight, is not known.
This can be estimated, however, from the
growth curve. If the yield froma sprayed crop,
with 75 percent point at the end of August is,
for example, 12 tons per acre, then 12 tons is
87 percent of the potential crop. Andthe poten-
tial crop is therefore 13.8 tons per acre.
Similarly, but with less accuracy, the potential
crop can be estimated from the yield of the
unsprayed areas.

The gain from a given number of days pro-
longation of growth over a given part of the
growing period will vary according tothe level
of fertility of the field and the vigor of the
potato stock, inshort, accordingtothe potential
yield. Thus, to obtain a loss from blight, or
gain from spraying, in terms of tons peracre,
the percentages read off fromthe growth curve
are multiplied by the potential yield intons per
acre. In the example given above, where the
blight progress curve on the unsprayed is as
**A,'" and that for the sprayed as ‘‘B,'' the gain
from spraying, 15 percent, amounts to 1.5
tons per acre where the potential yield is 10
tons per acre, and to 23 tons, where the poten-
tial yield is 15 tons per acre.

The histograms atthe bottom of figure 8 show
the normal increment of yield produced in each
week, numbered backwards from the end of
September, for a potential cropof 10 tons. This
is perhaps the most general level of yield in
England and Wales, and the diagram is there-
fore wuseful for making quick approximate
estimates of gains and losses withlittle calcu-
lation. If, for example, in a bad blight year,
spray deposits are washed off rapidly by rain
and cannot be renewed in time, only one week’s
growth (say week No. 6) is gained by spraying
on apotential 10-toncrop, and this gain amounts
to only 0.7 ton. The unrecovered loss (weeks
1 to 5) is 1.7 tons, and the yield obtained is
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8.3 tons. On a 15-ton potential crop all these
figures are one-and-a half times as much.

It must be remembered that the provisional
normal growth curve is derived fromthe mean
for a number of crops over anumber of years,
Its valid use is therefore for estimating mean
losses over anumber of years. Individual crops
in individual seasons may vary considerably
in rate and timing of tuber production, and on
them the losses from blight and gains from
spraying must be expected to vary about the
long-term norm.

One of the principal causes of deviation is
late planting (Dyke, 1956), which tends not only
to reduce the potential yield but also to in-
crease the weekly increments of growth in the
latter part of the growing period. As a guide to
the type of growth curve that may be expected
where the crop is planted late (or has suffered
retardation in its early stages), a dotted curve
is added to figure 8, representing the mean
course of tuber development in 161late-planted
crops unaffected by blight in the southern zone
in the years 1955 and 1956. Where the growth
curve follows the normal course, about half the
potential crop is laid down by the end of July;
but on the dotted curve only aboutathird of the
potential crop is then present.

The prolongation of growth from spraying,
i.e., the mean separation in time between the
two more or less parallel blight progress
curves for sprayed and unsprayed, is, strictly,
best measured between the 50 percent, or
‘‘half-decay,’’ points on the 2 curves (Large,
1945). As, however, the difference in time
between the 50 and 75 percent stages is com-
monly less than a week and the rate of tuber
bulking on the normal growth curve does not
vary greatly over so short atime, the simplic-
ity of estimating prolongation of growth be-
tween 75 percent points on the curves for the
sprayed and unsprayed crops outweighs any
possible slight gain in accuracy that would
result from stepping back to the 50 percent
points for this purpose.

CHECKS OF LOSS ESTIMATES BY SPRAY-
ING TRIALS

Since 1941, several series of sprayingtrials,
each over a number of years, have been car-
ried out in various parts of England and Wales.
In these trials yields determined by weighing
the crop from replicated plots were related
to the blight progress curves for the sprayed
and unsprayed haulm. The **actual’’ gains from
spraying were computed with the ‘‘expected"
gains, calculated from the 75 percent dates on
the haulm in accordance with the method and
example given in the previous section, using
the provisional normal curve for tuber develop-
ment (fig. 8).

The first series was carried out by Beau-
mont and Large (1944) in Devon and Cornwall
(southwestern blight zone) during the years



1941-46. In the 4 years 1943-46, the effect of
two well-timed applications of freshly prepared
bordeaux mixture (4.5.50), applied at about 100
gallons per acre, by 5- or 7-row horse-drawn
or tractor sprayers with drop lances, was
tested on uniform stocks of certified Majestic
at a dozen centers or more each year.In table

5 the mean results (some hitherto unpublished)
for each year are given for two groups: Corn-
wall and western districts of Devon where
blight is exceptionally severe (extreme western
subzone), and the rest of Devon where condi-
tions are more representative of the south-
western zone as a whole.

TABLE 5. --Results of spraying trials with 2 well-timed applications of bordeaux mixtures on
Majestic potatoes in Cornwall and Devon, 1943-46

Date when blight Gain from spraying
on unsprayed Prolonga- |Total yield
haulm reached-- tion of of Ixpected
Year and area Crops ‘pec’e
1% 01 growth ) by unsprayed Ac}ual from 75
percent | percent spraying plots LY percent
Stage stage llftlng dates
1943: Number Days Tons/acre |Tons/acre | Tons/acre
Cornwall and western
DeVONleteeeeseosnsonse 6 June 26 | sug. 8 17 .6 2.7 3.5
Fastern Devoneeeeeeeens 5 July 21 | Aug. 23 21 6.6 2.9 1.5
1944
Cornwall and western
DevVONieeevevenseesass | 10 July 25 | Aug. 20 18 13.7 2.8 2.8
Eastern Devone.ecesees. 5 Aug. 8| Sept. 9 12 12.5 1.1 7
1945:
Cornwall and western
DEVOIle tevseonnnnsnnns 5 June 25 | July 23 18 6.7 2.4 2.9
Fastern Devone.eceeeoss 9 July 17 | Sept. 19 21 8.9 1.6 2.0
1946:
Cornwall and western
DEVONeseeeeesevscnnna 4 July 7| Aug. 4 15 9.3 2.3 2.6
Eastern Devoneeeseeeess 8 July 18 | Aug. 23 18 11.5 3.2 2.2

Here the ‘‘expected’’ gains, especially when
averaged over the run of years, are in good
general agreement with the ‘‘actual’’ gains
as determined by lifting, whichfor allthe labor
involved, were still subject toa standard error
of at least half a ton per acre. In the more
easterly part of the area (lower figures)the 75
percent stage of blight on the haulm was
reached about a week after mid-August in 3
years out 4, and in early September in 1 year
only (1944). This is in good accordance with the
frequency for the southwestern zone over the
later period of 10 years (1947-56) given in
table 1. The computed mean total loss of
potential crop by blight over the 4 years was
18 percent as against the mean of 20 percent
entered in table 1, and the gain from spraying,
averaging 2.2 tons per acre over the 4 years,
was about 12 percent. Inthese trials, therefore,
two carefully timed applications of one of the
most rain-resistant spraying materials
(freshly made bordeaux mixture) saved about
two-thirds of the defoliation loss by blight.

The next series of trials was carried out by
Beaumont, Bant, and Storey (1953) during

1947-51, at Goole on the Humber (fig. 5). This
center is on the border of the northern and
southern blight zones, where blight conditions
more closely resemble those of Hertfordshire
in the southern zone than those in the greater
part of the north. The spraying was againdone
with freshly prepared bordeaux mixture
(4.5.40), but with a knapsack sprayer. The two
well-timed applications were put on atthe rate
of 200 gallons per acre on Latin-square plots
of certified Majestic each year. The relevant
results are shown in table 6.

In the two blight years, 1948 and 1950, the
expected gain from 3 weeks prolongation of
growth with blight at the 75 percent stage at
the beginning of September was again in close
agreement with the ‘‘actual’’ increase found by
lifting, with yields subject to a standard error
of about * 0.3tonper acre.Inthetwodry years,
1949 and 1951, when blight caused noloss, there
was an indication of a loss caused by spraying.
This could not be attributed to wheel damage,
as the plots were sprayed by hand. It was
probably due to copper injury following the
insect damage common in dry years. Some
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TABLE 6. --Results of spraying trials with 2 well-timed applications of bordeaux mixture on
' Majestic potatoes at Goole in Yorkshire, 1947-51

Date when blight on Prolongation ] Gain from spraying
unsprayed haulm reached-- of Totaifyleld Expected
Year 0.1 75 growth by unsprayed Acgual from 75
percent percent spraylng plots 1if¥i percent
stage stage e dates
Days Tons/acre Tons/acre Tons/acre
1947 ce0eannns Mg. 5 Sept. 28 14 14.9 +0.1 0
19480 ceenns Aug. 13 Sept. 6 21 10.3 +1.0 1.2
1949, 0eennne Sept. 9 Sept. 28 10 15.5 -.9 0
1950 eceecnes Mg, 4 Sept. 2 20 13.6 +2.1 1.6
1951..eveeeessf Aug. 28 Sept. 28 7 144 -.9 0

yellowing and scorching was observed on the
sprayed plots.

The third series of trials was that conducted
by Large, Storey, Taylor, and Yule (1954) over
the 6 years, 1948-53, at Terrington, south of
the Wash, and on silt land at the border of the
Fen blight zone (fig. 5). The variety was King
Edward, with good certified stocks inallyears;
the replicated plots were large--up to an acre
in area and running the whole length of the
field; and the spraying was done on contract.
A 13-row tractor-hauled sprayer was used to
apply 6 1lb. per acre of copper oxychloride
(50 percent Cu) at 100 gallons per acre, except
in 1949 when a proprietary burgundy mixture
was used. This high-volume spraying was
compared with low-volume spraying, using an
Agro air-blast machine withdroplegs, and also
with dry dusting. The number and timing of the
respective applications were as showninfigure
9, which gives the blight progress curves for
the several treatments and years. Intable 7the
leading figures for the spraying treatments are
abstracted.

In the course of these trials separate
weighings were made from rows damaged and
not damaged by the passage of the sprayer
wheels. With 4 rows in 13 so damaged, the
mean loss due to this cause was 4 percent of
the potential yield. A deduction of 4 percent
from the expected gain hastherefore been made
in the table. With this correction the ‘‘ex-
pected’’ gains are once again in close agree-
ment with the ‘‘actual’’ gains asfound by lifting
the crop (yields subject to standard error of
10.5 ton per acre). In these trials there was a
statistically significant loss from spraying in
the two hot and dry ‘‘no-blight'' years, 1949
and 1952. This loss considerably exceeded the
loss due to wheel damage, and it was probably
caused by copper injury, as at Goole, but in this
case following both insect and wheel damage
in the hot dry season.

A fourth series of trials was carried out in
the west Midlands over the years 1950-54
(Rosser, 1957). Here the trial variety was
King Edward, the spraying was done with a
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knapsack sprayer, and copper oxychloride
(50 percent Cu) was used at 5 lb. per 100
gallons per acre. There were always 2 and
sometimes 3 applications, timed as far as
possible in relation to Beaumont periods. The
trials were made each year in each of the 5
counties, Cheshire, Shropshire, Staffordshire,
Warwickshire, and Worcestershire. In general
the epidemics were earliest in Worcestershire,
and table 8 shows the leading results in this
county.

Here again there was very good agreement
between the expected and the actual gains, and
in all cases the expected gains were within
the standard error of those determined by
lifting.

Occasionally, in individual trials, the esti-
mated gain has varied significantly from that
determined by lifting, owing sometimes to a
greater effective prolongation of growth than
that indicated between 75 percent points onthe
curves for sprayed and unsprayed wherethese
have not shown the usual parallelism; and
sometimes to exceptionally late bulking, tolate
planting, or to other causes.

In a comparable group of 32 crops of Majes-
tic and King Edward, all planted about the
same time--the first half of April--and all in
the southern blight zone, on which fortnightly
liftings were made in supplementary work on
the crop check surveys in 1956, 15 reached
the 75 percent stage, or were burned off,
shortly before the end of August, and 17did not
reach this stage until mid-September. The
mean yields, in tons per acre, for the two
groups are shown in table 9.

The mean potential yield for both groups of
crops was about 12 tons per acre. The percent-
ages of the potential crop present on the
several dates were, therefore, as shown in
table 10.

The percentages in table 10 correspondgd
very closely to the normal growth curve in
figure 8, and the mean gain from prolongation
of growth from the end of August to mid-
September, 1.3 tons per acre, was in exact
accordance with expectation.
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FIGURE 9.--Progress charts of blight on unsprayed, sprayed, and dusted King Edward potatoes in trials et Terrington,
near the Wash, 1943-53, showing dates of applications and approximate gains and losses from spraying.
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TABLE 7. --Gain or loss from spraying King Edward potatoes at Terrington, 1948-53

Date when blight on Gain from spraying
unsprayed haulm Prolongation Total
reached-- £ th 1eld of
Year oL grow 5 Actual Expected
0.1 75 by unsprayed b from 75
i lots J
percentage percent spraying p lifting percent dates
stage stage
Days Tons/acre Tons/acre Tons/acre
1948¢eesecnes July 30 Aug. 13 12 16.3 +0.9 +1.9
1959 eeeennnn Y &) 0 14.8 -2.0 -6
1950cecsceens July 24 Aug. 17 25 14.0 +3.0 +3.0
1951c.eennnsns Aug. 30 Sept. 22 10 16.2 -.1 -.6
195200 ceansnns &) &) 0 18.9 -1.8 -
19530 ccccenes July 7 Aug. 13 13 16.6 +2.6 +2.3

1 No blight.

TABLE 8. --Gains from spraying King Edward potatoes in Worcestershire, 1950-54

Date when blight on Gain from spraying
msP;:Ziiegaum Prolongation | Total yield
f of Expected
Y ° P
ear growth by unsprayed Actual from 75
0.1 percent | 75 percent spraying plots by percent
% 1 lifting
stage stage dates

Days Tons/acre Tons/acre Tons/acre
1950¢ceeeeens July 24 Sept. 4 22 12.9 2.3 + 0.9 1.5
1951.vivnnnnn July 31 Sept. 20 10 11.8 S5+ 7 .3
195240 cueenn. Mg. 7 Sept. 16 14 10.4 1.0 + .6 .5
19530 eeenncss July 24 Aug. 24 3 10.5 -+ 7 .3
19540 aucanss. July 20 Sept. 4 16 144 1.6 + .3 1.3

TABLE 9. --Meanyields of 32 crops of Majestic and King Edward potatoes in southern blight zones
as related to date blight reached 75 percent stage, 1956

75 percent Total yield
blight Etgge Crops End of Mid- End of Mid- End of
reache July Aug. hug. Sept. Sept.
Number | Tons/acre Tons/acre | Tons/acre Tons/acre | Tons/acre
Ind of Migeeeienernrennnnns 1 6.1 8.4 9.9 10.3 10.3
Mid-Septeeeceeternnnneanans 17 5.6 7.6 10.3 11.5 11.6
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TABLE 10. --Yields in table 9 expressed as percentages of mean potential yield (12 tons per acre)

Percentage of potential yield
75 percent stage reached-- Crops Fnd of Mid- Fnd of Mid- End of
July Aug. Aug. Sept. Sept.
Number
Fnd Of AUE.teeveeeroasrennnsossccans 15 51 70 83 86 86
Mid-SEPteeseereonosnarenrnacnnennans 17 47 63 86 96 97
Expected yield (see fig. 8)....... -- 50 72 87 96 100

Further work is required on checking the
normal growth curve and in adapting the
method of estimating blight losses for use on
individual crops. Enoughhas already been done,
however, to show that the present curve can
now reasonably be employed without further
delay for the computation of average blight
losses over a number of seasons, inthe several
blight zones of England and Wales.

PROTECTIVE SPRAYING:
MATERIALS

MACHINES AND

Freshly prepared bordeaux and burgundy
mixtures, although unsurpassed in point of
efficiency, are now very little used for potato
spraying in England and Wales. Their place
has been taken by copper oxychloride and
cuprous oxide preparations, usually applied at
the same copper dosage (2.5 1b. Cu per acre).
These preparations are much less resistantto
washing off by rain than the bordeaux and
burgundy mixtures (Large, Beer, and Patter-
son, 1946), and they save theneedfora certain
amount of skill and labor in the preparation
of the spray fluid on the field. Unlike bordeaux
and burgundy mixtures, copper oxychloride and
cuprous oxide preparations can be used for
low-volume application. Generally, they give
nearly as good protection of the haulm as the
bordeaux and burgundy mixtures, except where
high retention is really needed to resist heavy
rain, as in the Fens in the years 1954 and
1956, when the performance of the newer
preparations was very disappointing.

Much of the more efficient spraying is now
done on contract with high-volume machines
(applying 80 to 100 gallons per acre), and with
wide booms (11- to 15-row widths) to keep
down wheel-damage as much as possible. The
contract charge for such spraying, with 5 1b.
per acre of copper oxychloride (50 percentCu)
was about 45s. per acre per applicationin 1956.
Two sprayings are usually applied, three are
sometimes given.

Air-blast low-volume sprayers (Agro
sprayers) applying copper oxychloride or
cuprous oxide in 10 to 20 gallons of water
per acre came into fairly extensive use after
1945; These machines, with nozzles set well
down between the rows on droplegs, gave

about as good results as high-volume machines
applying the same materials. But owing to
the weight, complexity, and high cost of the
Agro sprayers, they have since been replaced
by low- or medium-volume machines of the
type introduced for the application of 2, 4-D
and MCPA weed killers on cereals. These
machines apply 20 to 40 gallons of spray
fluid per acre at pressures of 50 to 100 lb.
per sq. in. through fine nozzles. Such ma-
chines, which are light, relatively inexpen-
sive, and often already on the farm, make
it easy for farmers to do more potato spray-
ing themselves. The old difficulty of water
cartage is greatly reduced. But it is doubtful
if spraying the plants from above only, as is
usual with these machines, gives as good
protection of the foliage as spraying with the

traditional droplances (Large and Taylor,
1953). As yet the machines are often not
sufficiently adapted mechanically for the

particular and rather exacting job of potato
spraying; infinite trouble, as well as very
poor spraying, will result from blockage of
the fine nozzles unless the filters are kept in
good order. With copper oxychloride (50 per-
cent Cu) at 400s. per cwt., the cost to the
farmer for materials only, is 18s. per
application.

A considerable amount of dusting is done in
the Fens. At one time 6 to 7 dustings were
given in the course of the season, but the
more usual number of dustings is now 3 or at
most 4. Dusting is now by no means cheap in
comparison with spraying. Copper dusts con-
taining 20 percent Cu are the most popular,
and these are applied at 16 to 20 1b, per acre.
Such dusts cost about 170s. per cwt, in 1956,
so that the cost of materials per application
was about 30s. It is generally reckoned that
2 dustings are equivalent to one thorough
spraying in protective effect, but dustings may
do rather better than this if the applications
are well timed in relation to the blight attack.

Since 1950 a considerable acreage of
potatoes is now sprayed fromtheairineastern
and southern England. Both helicopters and

fixed-wing aircraft are used. The standard
amount of copper oxychloride is generally
applied in 3 to 6 gallons of water per acre.
The contract charge for this air spraying has
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been about the same as for spraying with
ground machines. Although many farmers
have been well satisfied with the results and
the wheel damage from the passage of ground
machines is avoided, there is still a lack of
critical trial data for assessing the efficiency
of this form of application.

Dithiocarbamates were not launched on the
market for potato spraying in England and
Wales until 1957, and little experience has so
far been gained of their use under English
conditions. If the need for frequent renewal
of the spray deposits (Large and Beer, 1946)
can be overcome, they may have a useful
field of application (Cox, 1957), especially in
the eastern parts of the country where some
copper injury (following insect attack) is caused
by routine spraying in the warmer and drier
seasons. In the wetter seasons when more
blight develops, copper could be substituted
for the later applications.

THE GAIN FROM SPRAYING

In estimating the net gain from spraying,
one difficulty is in making fair allowance for
the damage caused by the passage of the
sprayer through the crop. In the trials at
Terrington this damage was found to amount
to 4 percent of the potential crop when a 13-
row sprayer was used. The corresponding
damage with an ll-row machine would be 5
percent, and with a 7-row machine as muchas
7 1/2 percent. But the crops at Terrington
were exceptionally dense and heavy; in lighter
and more uprightcrops the damage is obviously
less, but much spraying is done, especially by
farmers, with machines of quite narrow row-
width, and care is not always taken to drive
the sprayer over old wheel tracks when re-
peating the applications. For the purpose of
the present estimates a mean figure of 3
percent is taken for loss of potential yield
by wheel damage.

There 1is also the matter of the copper
injury to the haulm in hot dry seasons. This
effect is certainly seen occasionally, but it

must not be exaggerated. In order that the
present estimates may be correct, at least
in principle, a small loss from copper injury
is assumed in the Fen and southern zones
only, in the years (3 in 10) when the 75 per-
cent blight stage is not reached until the end
of September, if at all. The figure is put as
equal to that by wheel damage, thus, in these
zones and years, the total for loss by spraying
damage is estimated at 6 percent of the
potential crop.

As against this, the figures taken for gain
from spraying in the blight years are put at
their very best, and are such as can be
achieved only by efficient spraying, with two
well-timed applications in general, and three
in seasons with exceptionally heavy rain. It
is assumed, for simplicity of estimation, that
the net gain from spraying (after deducting
the loss by wheel damage) is equivalent to
two clear weeks' prolongation of growth, at
whatever time in August or early September
it may occur, and that in effect the actual
prolongation is some days more than this to
compensate for the wheel damage. On this
basis the gains and losses, according to the
time at which blight reaches 75 percent on
the unsprayed field, for maincrops of 10-ton
potential yield are as shown in tablell.

For a 15-ton potential crop, which is the
most common level of crops in trials, and on
the better commercial crops on which most
spraying tends to be done, all the above figures
would be increased by a half. This increase
would give a net gain from spraying in the
worst blight years of about 2 tons per acre
and for the other blight years (75 percent
stage at end of August) about 1 1/4 tons per
acre, despite the losses by wheel damage.
Quite often, in individual cases, higher gains
from spraying, up to 3 tons per acre, are
obtained; but growers in the Fens, in such
years as 1954 and 1956, would have been
very content with gains of about 2 tons.

If the data from tables 1 and 11 are com-
bined, the gains from spraying on maincrops,
over the 10 years, 1947-56--assuming the

TABLE 11. --Net gain or loss from spraying according to the date when blight reaches
the 75 percent stage on a potential crop yield of 10 tons potatoes per acre

75 percent blight on unsprayed Yield of Net gain Unrecovered loss Potential

crops by-- unzgzabsred from By wheel By crop
P SPTayine | damage blight

Tons/acre | Tons/acre | Tons/acre | Tons/acre | Tons/acre
Mid-AUEUSTeeeeeeecsceccceessanssennas 7.2 ¢ 1.4 0.3 1.1 10
ENd Of AUBUSTeeeeeeoeeeneeroarnnannns 8.7 .8 .3 .2 10
Mid-September.ceeeesecescesscossansas 9.6 .1 .3 0 10
End of September..c.c.cecececeesscess 10.0 -.6 .3 0 10
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TABLE 12. --Gain from routine spraying over 10 years

England and Wales

(1947-56) for maincrop potatoes in

Percentage Percent
rone o M(?a.n net cg? age Mean gain Contribution
total gain from acreage for e
s X national
acreage praying sprayed zone gain
Percent Percent Percent
SOUthWESt. i eeeeeeceecncneas 8 11.0 20 2.20 0.18
5 4 N 13 5.5 55 3.02 .39
F3o10 4 s 1= o ¢ H 51 2.% 40 .96 .50
NoTtherNeeeeeeeceecececonns 28 .3 5 .01 -
England and Wales........ - -- 30 -- 1.07

TABLE 13.--Gain from spraying only where needed over a 10-year periodin England and Wales,

1947-56
Percentage . Percentage i i
Zone of liean ?et of liean gain Cintm]:.ltloli
total galn irom acreage for zone © nationa
acreage Spraying sprayed gain

Percent Percent Percent
SoUthWeStesessesscocansans 8 11.0 20 (10) 2.20 0.18
FenSeesocececcccscesssnnes 13 7.2 55 (6) 3.95 52
SoutherNecesesccescscccons 51 4.0 40 (5) 1.60 .80
NortheIMeceseeooeososnscse 28 0 5 (0) 0 0
England and WaleSeeseees -- - 30 - 1.50

1 Number in parentheses refers to years in 10 in which spraying is needed and assumed done.

amount of spraying done had been at its recent
level over the whole period, that all of it had
been efficient spraying, and that it had been
done every year--would have been as shown
in table 12.

Thus, if routine spraying were done every
year on the percentage of the acreage now
receiving any protective treatment and all
this spraying gave the best results obtainable
in practice, the mean gain over a 10-year
period would be only about 1 percent of the
potential maincrop yield from the country asa
whole. This would represent a saving of about
one-eighth of the total defoliation loss due to
blight (table 1). With the actual mean yield
at about 7.5 tons per acre, the mean potential
yield (were there no blight) would be about
8.2 tons per acre. The gain would therefore
be about 0.09 ton per acre, or a difference of
one point (0.1 ton) on the average yield for
the country.

If the price of potatoes is £11 per ton, this
gain, on a half million acres of maincrops,
would represent a gain of some 50,000 tons
of potatoes worth about £550,000. With the
mean cost of spraying of 2 applications by

contract at 45s, per acre on 30 percent of the
acreage each year, this gain would be obtained
at a cost to the growers of about £675,000.

If the spraying were done on the same
percentage of the acreage in each zone as that
shown in table 12, but only in blight years,
or, to be more precise, only in those zones
and seasons where the 75 percent stage is
reached by the end of August, thenthe analysis
of gains and the saving in spraying would be
as shown in table 13. Spraying on this basis
would increase the long-term gain to about
0.15 ton per acre, and through the avoidance of
spray damage in the ‘‘no-blight'' years it
would save nearly half (46 percent) of the
spraying over a 10-year period. Thus, there
would be a mean annual gain of 75,000 tons
of potatoes worth about £825,000 at a cost for
spraying of about £310,000. The justification
for forecasting is that it can help toward the
attainment of this better result.

In fact, protective spraying in England and
Wales is not done either wholly by routine
(table 12) or wholly according to need (table
13). Also, if the inefficiency of some of the
spraying is considered, the mean national
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gain is probably nearer the lower figure of 0.1
ton per acre on the long-term average.

In a bad blight year, such as 1953, however,
the gain from spraying may amount to 0.35
ton per acre in the mean yield for the country.
Such a gain is very substantial, reckoned on
the whole acreage, but its value is lessened by
the fact (brought out in table 3) that in the
blight years the national yields tend to be
above average, as the rain that favors the
development of blight is even more favorable
for the growth of the crop. In 1953, the actual
yield was 8.7 tons, as against the average of
7.5 tons for the 10-year period, and more
potatoes than were gained by spraying must
have gone for stock feed at ¥4 per ton. The
year 1953 was one in which the yield was
exceptionally high, but the mean yield for
the 5 blight years in the period 1947-56 was
8 tons per acre, as against a mean of 7.1 tons
for the other 5 years. The years giving rise
to shortage of supplies (and high prices) are
not usually the blight years in England and
Wales--they are the drought years in which
there is little or no blight.

Despite these national considerations, the
gain from spraying achieved by individual
growers, or groups of growers in particular
districts, is often very considerable. At present
prices a net gain of only about 8 cwt. per acre
will pay for two sprayings, and in a blight
year in some districts there is a likelihood
of obtaining 20 or even 40 cwt. increase for
this outlay.

Routine spraying (spraying every year) is
profitable in the southwest zone, and just
profitable in the Fen zone. In the large
southern =zone, protective spraying is only
profitable if it is done according to need.
This implies a nice discriminationin selecting
the crops to be sprayed--those of the higher
potential yield and those of the more suscep-
tible varieties, such as King Edward, which
gives the best return from spraying--and an
equially nice judgment of seasonal conditions.
The forecasting work in England and Wales
is designed to help in this latter connection,
by indicating the time at which the first
spraying can be given to the best advantage in
blight years and by discouraging spraying in
years when little blight is likely to develop.

BLIGHT IN THE TUBERS

Losses due to blight infection of the tubers
vary greatly from crop to crop in England
and Wales. Even in bad years for tuber infec-
tion more than half the crops suffer no loss,
or a very trivial loss, from this cause. But,
against this, a small proportion of the crops
always suffer a heavy loss, even up to 2 tons
per acre or more, and now and then the loss
of an entire clamp is reported, owing to heat-
ing and secondary rots following blight. The
occasional severe losses tend to color the
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picture and give the impression that the over-
all loss from blight in tubers is much greater
than is in fact the case; while the sporadic
and extremely variable incidence of the loss
renders it extremely difficult to assess by
survey methods.
Losses due to blight in the tubers may be
divided into two fairly distinct parts, namely:
1. Losses caused by infection of the tubers
in the ground before lifting and apparent
at lifting.
2. Losses caused by infection at or shortly
before lifting, and developing in store,
In some countries the second of theselosses
may be by far the greater, for if the potatoes
are lifted when the haulm is still partly green
and with the blight fungus actively sporulating
on it and the lifting is done in wet weather,
very extensive infection of the exposed tubers
is to be expected and considerable losses
will occur in store. It is also possible that
some infection at lifting may occur from
spores surviving in the soil for 10 days after
the haulm is dead, as reported by Murphy
(1921). In England and Wales, however, most
of the maincrops are not lifted until October,
and by or before that time much of the haulm
has either been killed off by blight or by
normal autumnal dying down. It is generally
only in the late-maturing crops (notably in the
northern blight zone), in some crops kept
green unprofitably long by protective spray-
ing, and in crops lifted early to supply an
immediate market, that there is much real
opportunity for infection at lifting to occur.
Even so, if the lifting is done in a dry spell
or the blight lesions on the haulms have
dried up, very little infection may occur.
Opportunity for the tubers to be infected
in the ground before lifting is not restrictedto
those comparatively few crops in which the
haulm is still partly green near lifting time.
Infection occurs wherever the soil permits
access to the tubers of spores washed down
by rain, and it persists over the entire period
during which blight is sporing on the haulm--
from the beginning to the end of the foliage
attack, and perhaps for 10 days afterward.
Moreover immature tubers are considerably
more susceptible to infection than mature
tubers at lifting (Boyd and Henderson, 1953).
Thus, infection in the ground before lifting is
responsible for the most widespread occur-
rence of blightin the tubers and possibly for the
greater part of all the loss from this cause in
England and Wales.

Losses Due to Infection Before Lifting

Weighings of blighted tubers carried outin
the crop-check surveys since 1953 now pro-
vide good data on the waste due to blight
infection before lifting in a representative
sample of some 2,000 crops in England and
Wales each year. Table 14 shows the mean



TABLE 14.--Mean losses of potatoes caused
by blight infection before lifting, England
and Wales, 1953-56

Blighted tubers 1953 1954 | 1955|1956

Hundredweight per acre | 2. 34 0.2 | 2.9
Percentage of crop.... |1 2.0 1 | 1.6

losses in all these crops over the country as
a whole in the years 1953-56,

Thus, in the three blight years, 1953, 1954,
and 1956, the mean loss was 2 percent; and in
the dry year with very little blight on the
haulm, the loss was negligible. The distribution
varied greatly according to region, as shown
by the maps (fig. 10) for 1953 and 1954. The
variation according to region was from less
than 1 cwt.to 10to 15 cwt. per acre. In general,
the losses were highest where the blight
attack on the haulm had been earliest and
most severe, with the important exception of
the relatively heavy losses shown in parts of
the northern zone in 1953, This wasinaccord-
ance with past experience (Moore, 1946, 19438)
that late attacks of blight in the north may, in
some years but not in all, cause heavy losses
by tuber blight.

The frequency of occurrence of different
levels of loss among the crops is shown in
figure 11 for 1954, the worst of the 4 years
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for blight in tubers. This diagram brings out
the salient fact about the distribution oflosses
due to blight in tubers: The large number of
crops that scarcely suffer at all; and the few
crops in which the loss is high. In 1954,
57 percent of the 2,109 crops in the survey
had no blighted tubers (or less than 1/2 cwt.
per acre) before lifting; about 25 percent
had 1 to 5 cwt. per acre; about 8 percent had
5 to 10 cwt.; and there were sharply decreasing
percentages at higher rates. Although the
mean national loss was only 3 1/2 cwt. per
acre, more than 100 crops in the 2,109 had
a loss of over a ton per acre, and two had
over 3 tons.

No firm association can yet be established
between the level of tuber infection and the
type of soil; heavy losses may occur
occasionally, and negligible losses very fre-
quently on both heavy and very light soils.
But the level of losscertainly varies according
to the potato variety. In the 3 years, 1953,
1954, and 1956, the breakdown according to
variety of the mean losses in the crop-check
surveys is shown in table 15,

The mean loss was over twice as great
in King Edward as in Majestic. In Arran
Banner and Gladstone, the loss was over
six times as great as in Majestic. Indeed,
in the histogram for 1954 (fig. 11) of the 88
crops shown in which the loss was over 1
ton per acre, 23 were Arran Banner, 38 King
Edward, 7 Gladstone, and only 12 Majestic,
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FIGURE 10.--Regional distribution of lossesdue to blight in tubers, 1953 and 1954.
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FIGURE 11.--Frequency of ditferent levels of blight in tubers before
lifting in a survey of 2,109 crops in England and Wales, 1954.

despite the preponderance of crops planted in
Majestic.

The estimation of blighted tubers in the
crop-check surveys has not yet been done in
all types of season in which tuber infection
may be prevalent. The reports on the diseases
of the crops in England and Wales (Moore,
1946, 1948, and earlier bulletins) indicate
that only the very dry years (like 1955) in
which there is little or no blight on the
haulm at the end of September canbe regarded
as ‘''no-blight’’ years for the disease in the
tubers. Years in which the 75 percent stageon
the haulm is not reached until mid-September
may be among the worst for blight in the
tubers; and years in which this stage is
reached at the end of August (blight-years
for the disease on the haulm) are most
frequently also bad years for blight in the
tubers, although sometimes they are not. It
is the slope of the blight progress curve,
rather than the 75 percent date, that affects
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the amount of blight in the tubers. The op-
portunity for tuber infection is greatest when
the attack on the haulm is long-drawn-out,
least when it is rapid.

Losses Due to Infection at Lifting

The proportion of the maincrops in England
and Wales in which the tubers may be infected
from blighted haulm at lifting can be judged
to some extent from table 16, which is based
on observations made in the course of crop-
check surveys.

It is evident that in more than two-thirds
of the crops over this period of years, the
haulm was dead well before lifting began,
and that in all except the 2 years 1951 and
1952, in which the 75 percent blight stage
was in mid-September, there was little growth
left in the rest of the crops.

The only direct survey evidence bearing
upon the amount of infection occurring at
lifting and developing subsequently in the
clamps, is that from a systematic sampling’
of 700 clamps in all parts of the country
carried out by advisory mycologists in the
1942-43 storage season (Moore, 1948), In this
survey the average loss from rots in March
was about 6 percent--half of which was®
attributed to blight. In only 38 (5.4 percent)’
of the clamps did the loss from blight exceed,
10 percent, although in several it reached 30
percent, and in one 43 percent. These figures,
indicate the same kind of distribution of
losses in clamps as that shown in figure 11,
for blighted tubers in the groundbefore lifting. .
The year 1942 was one with much blight in’
September (75 percent stage about the end?
of August in the worst-affected parts of thej
south, and a week or two later elsewhere)’
and the progress of the attack was fairly’
rapid. It was recorded at the time of the
survey that the losses from tuber blight had’
been somewhat greater in the previous year,’
1941, when the attack on the haulm was more"
drawn-out. In some years, therefore, thelosses
in clamps may be higher than in 1942, butin
some other years, such as 1955, the losses’
are undoubtedly less. It may not be un-'
reasonable, therefore, to take the mean figure?
of 3 percent, carefully determined by accurate ’
sampling in 1942-43, as a provisional estimate *
of the mean annual loss caused by blight in';
clamps in England and Wales.

This loss is made up of the tubers infected®
at lifting together with a fairly high proportion
of the tubers infected in the soil before lifting.}
Many of these latter, where they are obviously !
and severely blighted, are rejected when the’
crop is picked by hand, and they are not put?
into the clamp. The proportion is quite in-?
determinate, and must depend upon the weather |
at lifting, the type of labor employed, and’
other factors.



TABLE 15. --Mean losses of potatoes from blight infection of tubers before li
variety, 1953, 1954, and 1956 re lifting, according to

Crops in s Blighted tubers before
Variety P urvey Lifting

1953 1954 1956 1953 1954 1956

. Number Number Number | Percent | Percent | Percent
l,{?.]estic............................ 1,019 954 1,005 1 1 1
King EQwardee.eeceeececccccecancanes 379 566 591 2 3 2
Arran BanNereceeceeccsssccccscsccccne 120 92 62 4 9 11
(G1adStonEeseseesssccsssssssssssoccces 41 28 16 8 10 17
A1l varietieSecececeecceccccsccess 2,070 | 2,109 2,057 1.5 1.7 1.7

TABLE 16. --Percentage of potatoes lifted in relation to state of haulm before lifting, England and

Wales, 1951-56

State of haulm some
days before 1ifting 1951 1952 1953 1954 1955 1956
Percent | Percent | Percent Percent Percent | Percent
DE8Aeceescccsescssasssscssssasssnsans 66 57 84 85 56 9%
Little growth leftecceceecececccanne 25 34 16 15 b4 6
Much growth lefteccececcceccccncccns 9 9 0 0 0 0

From a review of all the available evidence
it would appear that the mean total loss from
blight infection of the tubers for all varieties,
and for England and Wales as a whole, is
about 3 percent of the crop, and that this loss
is made up of about 2 percent apparent at
lifting and 1 percent developing in store.

This estimated mean loss due to blight in
the tubers is less than half of the estimated
mean loss caused by premature defoliation
(table 1); but it is a more constant loss, and
it probably occurs in all except the very dry
“no-blight’* seasons; that is to say in 8 or 9
years out of 10,

CONTROL MEASURES

The principal measures for the reduction
of losses due to blight infection of the tubers
in England and Wales are (1) efficient earthing
up of the rows to insure good soil cover over
the tubers; (2) the postponement of lifting
until the haulm has been dead for 10 days;
and, (3) the avoidance, as farasis practicable,
of varieties like Gladstone, known to be very
susceptible to tuber infection.

Protective spraying of the haulm has some
effect in reducing tuber infection in the ground
before lifting, by keeping blight off the haulm
for about a fortnight in the early stages of
the attack and thereby reducing the period
during which washing down of spores can
occur, But in England and Wales protective
spraying is rarely employed for the purpose

of protecting the tubers by keeping blight
off the haulm altogether. This would often
require far more applications than the two
or at most three that are generally given, and
it would scarcely be economic. As it is,
protective spraying quite often prolongs the
growth of partially blighted haulm beyond
the stage at which useful increase of yield
can result, and thereby increases the amount
of tuber infection.

Cutting and removing the blighted haulm,
as a measure for decreasing the amount of
infection of the tubers, was advocated in the
19th century; indeed, almost as soon as the
disease appeared in Europe. However, the
measure was expensive and difficult to carry
out on any large acreage. In the early 1930°s
one of the chemical manure and sulfuric acid
companies in Norfolk carried out experiments
on the spraying of the haulm with diluted
sulfuric acid as a substitute for mechanical
destruction. The kill of the haulm was quite
spectacular, and by 1934 several large growers
in Norfolk and Lincolnshire who had been
persuaded to give the new process a trial
were hailing it with great enthusiasm. They
sprayed 3,500 acres in that year and claimed
that crops from unsprayed areas, on being
taken from the clamps, frequently contained
up to 50 percent of blighted tubers, whereas
those potatoes from the areas ‘*burned-off"’
with sulfuric acid were almost completely
free from the disease.
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The first critical trial was carried out by
Bates and Martin (1935) under what can now
be seen to have been optimum conditions, on
a crop of King Edward at Terrington, near the
Wash. A 10 percent solution of B.O.V. (Brown
Oil of Vitriol, 77 percent HpSO4) was applied
to the green haulm at 100 gallons per acre on
September 16, 1934, when only a few plants
were yet affected by blight, and, as the yields
showed, almost the whole obtainable crop was
already under the plants. (See fig. 8 for ex-
pectation of increase of <crop after
September 16.) After the date of spraying
blight spread all over the unsprayed plots,
giving opportunity for washing down of spores
for some 3 weeks, until the potatoes were
lifted on October 6, when much of the blighted
haulm was still green. The total produce from
the sprayed and unsprayed plots was stored
separately in the same clamp, and examined
for blighted tubers at the end of January 1935,
when the clamp was opened. Table 17 shows
the results.

TABLE 17. --Percentage of King Edward tubers
with blight in clamp from plots sprayed with
sulfuric acid, Terrington, January 1935

Treatment g:;‘ﬁ Blighted tubers
Tons/ cwt./ |Percent
acre acre of crop
Unsprayed.ceeceeecess 11.9 9.1 3.9
Burned off with 10
percent B.0.V. .. 12.0 1.6 7
Standard error. +.03 +1l.4 -

These results were obtained under about
optimum conditions. The total percentage of
blighted tubers in the unsprayed crop was
about 4 percent, and the acid spraying, done
when there was still very little blight on the
haulm, reduced the figure to about 1 percent.

Since 1935, ‘‘burning-off’’ the haulm has
become firmly established in practice, and
indeed it is extremely popular among potato
growers. This is not only because it can,
in some circumstances, save a good deal of
blight in the tubers, but because itundoubtedly
facilitates lifting and kills weeds. It ‘‘cuts
losses,’ saves further concern about the
progress of blight in the crop, and, apart
from the lifting, it puts an end to the job for
the season.

Most of the acid spraying at the present
time is done by contractors, who apply 20
gallons of undiluted Brown Oil of Vitriol per
acre with special acid-resistant machines. The
contract price for this treatment in 1956
was about £4 per acre, the value of about
7 cwt. of ware potatoes.
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In 1951, when there was a world shortage
of sulfur, sodium and potassium arsenite
mixtures were introduced for haulm destruc-
tion in England and Wales. Their use has
increased very rapidly since thattime, despite
the availability of acid. In 1956 about half of
all the destructive spraying was being done
with arsenites and half with acid. The
arsenites, usually in the form of liquid prep-
arations containing 10 1b. of As 203 per gallon,
are applied both by high- and low-volume
machines, at the rate of 1 gallon in 80 to
100 or in 20 to 30 gallons of water per acre,
respectively. The action of the arsenites is
slower than that of acid--the leaves take up
to a week to go brown, while those sprayed
with acid are blanched and limp on the day
of application; but there is little to choose in
point of eventual completeness of destruction
of the haulm. The contract charge for spray-
ing with arsenites in 1956 was considerably
less than that for acid, being about £2 15s,
0d. per acre. Arsenites have the advantage
that they canbe applied by farmers themselves,
with sprayers available on the farm that are
often unsuitable for the application of acid.

The first systematic trials of haulm de-
struction at a number of centers and over
several years, in England and Wales, were
those carried out by the National Agricultural
Advisory Service in 1951-53, for the purpose
of testing substitutes for sulfuric acid (Large,
1952b, 1952c, 1954). The destructive spraying
was done at each center at a time in accord-
ance with practice in the district, and the
percentage of blighted tubers in the sprayed
and unsprayed parts of the crops was deter-
mined both at lifting and after a period of
6 weeks in storage. The mean results, with
acid, for 9 trials in 1951, 11 in 1952, and 11
in 1953, were as shown in table 18.

Despite the fact that many of the untreated
plots in these 31 trials were lifted while there
was still a little growth left in the haulm,
blighted tubers from the unsprayed plots
exceeded 3 percent after storage in only 9
trials and were less than 1 percentin 17 trials.

In the crops where heavier tuber infection
occurred, the destructive spraying showed
advantages varying according to the date on
which it was done, the progress of blight on
the unsprayed crop, the lifting date, and the
rainfall at lifting. All these variable factors
are illustrated for 1953 in figure 12, which
also shows the use made of blight progress
curves in the study of haulm destruction. As
a result of the trials as a whole it was con-
cluded that destructive spraying, whether with
acid or with arsenites, as usually carried out
in practice, can at best save only about half
of the infection occurring in the ground before
lifting. Here and there, it may save con-
siderable infection at lifting if the weather
happens to be wet and the haulm would not



TABLE 18.--Percentage of blighted tubers at lifting and after st . .
sulfuric acid, {‘91%1-53 storage in spraying trials with

Blighted tubers
Treatment 1951 1952 1953
At After At After
. At After
lifting | storage | lifting | storage | lifting | storage
Percent | Percent | Percent | Percent | Percent | Percent
Acid Sprayedeccecccececcccccocscsccs 2.2 2.6 0.4 0.9 1.7 2.5
Untreatedeceececsceccoscecccscscocoee 2.2 2.8 1.3 2.4 3.5 3:7

otherwise have been dead in time. Similar
results were obtained with mechanical haulm-
cutters or pulverizers, which are now avail-
able and are used ona relatively smallacreage
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FIGURE 12.--Percentage of blighted tubers in relation to progress of
blight on haulm, dates of haulm destruction and lifting, and rainfall
at 11 tfials in England and Wales in 1953, Upper figures indicate
Percentage of blighted tubers with haulm destruction; lower figures
indicate percentage of blighted tbers without haulm destruction.

in England and Wales; and also by spraying
with certain tar oil fractions, which have not
come into any extensive use in England and
Wales but are nevertheless excellent non-
poisonous and noncorrosive haulm killers
(Large, 1952b, 1952c, 1954).

GAINS AND LOSSES FROM HAULM
DESTRUC TION

The amount of haulm destruction now done
in England and Wales may be judged from
the percentages of the crops in the crop check
surveys on which farmers carried out this
treatment: 17 percent in 1953; 22 in 1954;
10 in 1955; and 30 in 1956.

In 1956 haulm destruction was carried out
on 47 percent of the 591 King Edward crops;
on 21 percent of the 1,005 crops of Majestic;
and on 26 percent of the 461 crops of other
varieties.

The mean weights of blighted tubers per
acre, before lifting, in the untreated crops,
and in the crops on which haulm destruction
was done, with or without protective spraying,
are shown in table 19.

Apart from the indication that _the mean
weight of blighted tubers was increased in
1954 by protective spraying without subsequent
haulm destruction, these mean figures from
some 8,000 crops provide no evidence of any
general reduction of blight in tubers as a
result of haulm destruction. However, haulm
destruction was probably done where it was
most needed, so that the figures are not in-
consistent with the probability that there were
considerable gains on some crops.

Against this, reduction of blight in tubers
by destructive spraying of the haulm can
generally only be achieved at the expense
of some loss of the healthy crop. The loss
caused by stopping the growth of the haulm
too soon in destructive spraying can be judged
from the diagrams in figure 12 and the mean
worth of each week’s growth in August and
September as shown in figure 8. If the haulm
is destroyed when blight reaches the 75 per-
cent blight stage, then the loss of yield due
to shortening of the growing period will be
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TABLE 19. --Mean weitghts of blighted tubers

per acre before li

ting after various

treatments, England and Wales, 1953-56

Mean weight of blighted
Treatment tubers before lifting
1953 | 1954 | 1955 | 1956
Haulm destruction | Cwt./ |Cwt./ | Cwt./ |Cwt./
after protective | acre acre acre |acre
SPraying.c.eeeee 3.2 4.2 10.02 | 2.7
Haulm destruction
ONlyecesceccoons 3.4 3.4 .01 | 3.1
Protective
spraying only... | 2.8 5.6 0 |[3.1
No protective or
destructive
SPraying..cecees 2.3 2.8 40 | 2.4

negligible. However, there will then be little
reduction of the period during whichthe spores
can wash down into the soil, and therefore
little hope of much reduction in the amount of
blight in the tubers before lifting. If, on the
other hand, the destruction is done at the
25 percent blight stage or earlier, there can
be considerable reduction of the period during
which the spores can wash down, but there
will be a curtailment of useful growth.

This question of the crop sacrifice at-
tendant upon haulm destruction was investi-
gated extensively in the sprayingtrials carried
out on King Edward in all the counties of the
West Midlands over theyears 1950-54 (Rosser,
1957). In each trial there were plots that
received no protective spraying but which
were burned off in early August (mean date,
August 8); at the end of August (mean date,
September 1); and in mid-September (mean
date, September 18). The mean total yields
and weights of blighted tubers in the 30 trials
were as shown in table 20. The expected re-
duction in yield from the premature killing

TABLE 20. --Effect of haulm destruction at various dates on total yield and on weight of blighted
tubers in trials on King Edward potatoes, England and Wales, 1950-54

Mean date of haulm destruction

Item
Mig. 8 Sept. 1 Sept. 18 Sept. 30
Blighted tUbErS..ceeeecsscesssessssss.tons/acre.. 0.25 0.40 0.60 0.65
TOLAL CTOPeessesccsescsssssssesssssssstOns/acre.. 9.50 12.60 13.40 13.80
Percentage of potential yield.eeeeevececescecnss 68 91 97 100
Expected percentage (fig. 8)eeeeeeesecececcccanns 62 88 97 100

of the haulm, as read from figure 8, is added
for comparison.

These trials provide confirmation that within
practical limits the growth curve for Majestic,
given in figure 8, is alsovalidforKing Edward
in England and Wales. They also left no doubt
about the loss of cropinvolved when premature
haulm destruction is employed in attempts
to reduce tuber infection before lifting.Haulm
destruction in early August reduced the weight
of blighted tubers from 13 to 5 cwt. per acre
at the expense of a loss of 4 tons in the total
crop. Haulm destruction at the end of August
reduced the blighted tubers from 13 to 8 cwt.
per acre at the expense of 1 ton of the total
crop; and haulm destruction inmid-September
caused no significant reduction either in yield
or in the weight of blighted tubers.

In view of the loss of some healthy yield
that is almostinseparable fromhaulmdestruc-
tion as normally practiced, and the low mean
level of blight in tubers in England and Wales,
as revealed by the trials and surveys, it would
appear that the mean national gainfrom reduc-
tion of blight in tubers by haulm destruction
may well be almost nil. For the individual
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grower it may be very profitable now and then.
But as the reduction of blighted tubers has to
be 10 cwt. per acre to pay for the treatment
and for some few cwt. of sound crop lost, the
chances of its being profitable are not more
than 1 in 10 on King Edward and 1 in 20 on
Majestic (see frequency diagram, figure 11
et seq.). It is perhaps best to regard haulm
destruction in England and Wales as a farm
operation worth its cost in preparing the field
for lifting, especially needed when the crop
has to be lifted early, and sometimes paying
a bonus by reducing blight in tubers in other
circumstances.

RESISTANT VARIETIES

Potato breeding for blight resistance
throughout the world owes much to the pioneer-
ing work done in England by the late Radcliffe
N. Salaman on the employment of Solanum
demissum as a source of blight resistance,
and the recognition by him and his coworkers
at Cambridge of the existence of biotypes of
the blight fungus in the early 1930°s (Salaman,
1949). The progress made up to 1939, and



the prospects of success in breeding for
resistance from R-genes, and for what is now
called ‘‘field resistance,'’ as seen by those
two great exponents of the rival schools of
thought, Salaman and Pethybridge, was pre-
sented in their lifetime and with their aid
by Large (1940). The influence of Salaman
and Hudson, and the exploration of Hawkes in
South America (Hawkes 1941, 1947) led to
the establishment of the Commonwealth Potato
Collection at Cambridge,* to provide potato
breeders with new sources of R-resistant and
other genetically valuable material. Much work
on the fundamental problems of breeding for
blight resistance has been done, not only
by Black in Scotland (q.v.) but also by Howard
at the Plant Breeding Station, Cambridge
(Howard, 1953), and by Miller and others at the
National Institute of Agricultural Botany, also
at Cambridge (Miller, 1953; Miiller, Cullen,
and Kostrowicka, 1955).

Since 1945, six named R-gene resistant
varieties, raised in Scotland and Northern
Ireland, have been submitted totrial at numer-
ous centers in England and Wales by the
National Institute of Agricultural Botany
(N.I.LA.B.). All six of these varieties are
attacked by blight on thé haulm before the
end of their growing period, and all six are
susceptible to blight in the tubers. The one
variety of the R3 genotype--Pentland Ace
(1951), a second-early potato--has been found
to pulp badly on cooking. Of the five named
varieties of the R) genotype, Craig’'s Snow
White (1948), a maincrop (comparable with
Arran Peak in point of maturity), has failed
because of its extreme tolerance of virus Y,
its late maturity, and its indifferent cooking
quality. Craig's Bounty (1943), also amaincrop,
has failed because of its poor quality and long
stolons. Ulster Torch (1955), another main-
crop, is still promising, but has badly shaped
tubers. Pentland Beauty (1955), a first-early
variety, is all right so far.

Of the six varieties, only one, Orion (1947),
an early maincrop (comparable with Majestic
for maturity), has survived the long series of
registration and N.I.A.B. trials (which take
10 years from the production of the first
seedling by the breeder) to reach the stage of
recommendation by the N.I.A.B. in 1956. That
honor was shared with only four varieties for
lifting as maincrops: Majestic, King Edward,
Ulster Supreme, and Arran Viking; but it was
a restricted recommendation for special pur-
poses, as Orion has yellow flesh and in England
and Wales it is suitable for chipping or process-
ing only.

Potato breeding, specifically for *‘field re-
sistance’’ to blight as defined by Miiller (1953),
has scarcely yet started in England and Wales,
but breeding for as much practical resistance
as possible has been going on for at least

4 Now at the John Innes Horticultural Institution, Bayfordbury, Herts.

three-quarters of a century. Such resistance
has always been one, among the many desirable
qualities that the breeders have striven to
obtain. A number of excellent new potatovari-
eties, other than those few with R-genes, have
come into commercial cultivation in England
and Wales in recent years.

The testing of potato varieties is the re-
sponsibility of the N.I.A.B., and Cullen, in
charge of this work, has recorded the per-
formance of these new varietics in trials
throughout the country (Cullen, 1953, 1955,
1956). Home Guard (1943) and Ulster Premier
(1945) are among the best in the first-early
group; Craig's Alliance (1948), Craig's Royal
(1948), and Ulster Dale (1950) in the second-
early varieties; and Dr. McIntosh (1944),
Arran Viking (1945), and Ulster Supreme
(1946) among the maincrop potatoes. Of these
last, Dr. McIntosh and Ulster Supreme are
about equal to Majestic in point of susceptibility
to blight, while Arran Viking (as yet) is dis-
tinctly more resistant.

Apart from their long period of testing
before recommendation, potato varieties in
England and Wales, as elsewhere, undergo an
inexorable process of screening, in practice,
as a result of which the more blight-suscep-
tible varieties fail to establish themselves or
pass out of cultivation, unless, like King
Edward, they have some other compensating
quality that renders them profitable to grow.
The very susceptible varieties, Up-to-Date and
British Queen, despite their unrivaled quality,
have almost disappeared, and Gladstone, very
susceptible to blight in the tubers, is going
the same way. On the other hand, it is un-
doubtedly largely because of its low sus-
ceptibility to blight in the tubers that Majestic
has reached and still maintains its place as
the predominant maincrop variety. The adop-
tion of Majestic probab’ represents the most
economically effective measure of blight con-
trol yet achieved in England and Wales.

The importance of this can be seen from
table 15. If an ‘*improved King Edward’’ could
be produced by the breeders, t combine the
shape, pink particolored skin, and accepted
quality of King Edward with the tuber resist-
ance of Majestic, that achievement alone
would save the country at least 1 percent of
the present King Edward production, or about
14,000 tons of potatoes almost every year.

Another little realized, but nonetheless sig-
nificant measure, adopted in England and Wales
for the reduction of blight losses, is repre-
sented by the local preference for Arran
Banner as the principal maincrop variety in
Cornwall and other parts of the southwest
where the earliest blight epidemics occur.
Arran Banner, with its high susceptibility to
blight in the tubers, can scarcely be said to
have much resistance to the disease, bat
because of its heavy yield and early bulking
it can produce a good crop before blight
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defoliation losses begin. This is an example
of control, not by disease resistance, but by
‘*disease escape.’’

SUMMARY: ENGLAND AND WALES

Work on the definition and quantitative
measurement of blight epidemics, by their
effects both on the foliage and the tubers,
began in England in 1941.Since 1950 systematic
surveys designed to provide the necessary
information for the realistic evaluation of
national losses have been carried out over the
whole country each year. On the foundation of
this work it now becomes possible, for the
first time, to attempt a preliminary but closely
documented estimate of the present economic
significance of potato blight in England and
Wales. The attempt has here been made, and
the many facets of the work, as well as the
methods used, have been described in some
detail. Briefly, in England and Wales, ‘‘blight-
years,'’ characterized by 75 percent defolia-
tion of the unsprayed maincrop potatoes be-
tween mid-August and the end of August, occur
in about 5 yearsoutof 10 inthe southern half of
the country, with later epidemics in the other
years. The mean loss by premature defoliation
on unsprayed crops over a l0-year period is
about 8 percent of the potential crop for the
country as a whole. Of this, less than one-half
could be recovered by efficient protective

spraying. In fact, only about 30 percent of the
crops are sprayed, and the actual gain from
spraying does not amount to more than about 1
percent of the total potato production onalong-
term average. The meanloss due toblight in the
tubers is about 3 percent on the same basis.
This loss, on which destructive spraying,
practiced on a third to a half of the crops,
makes little or noimpression, probably affects
the national economy more than the greater
losses by defoliation, which are in general
more than offset by high yields due to the
abundant rain in the blight years. The tuber
loss occurs in all except the few outstandingly
dry years, that is to say, in 8 or 9 years out
of 10, and 3 percent of the national production
represents some 120,000 tons of potatoes,
or the produce of 15,000 acres.

Although the mean national gain from pro-
tective spraying is slight, the gain to individual
growers in some districts and in some seasons
may be very appreciable--typically 2 tons per
acre where the 75 percent blight stage is
reached on the unsprayed haulm by mid-
August, and about 1 ton where this stage is
reached at the end of August. Individual gains
from destructive spraying may also be con-
siderable here and there, especially when
the crop has to be lifted early, but the chief
gain from this process is a saving of time
and trouble at lifting.

SCOTLAND

Scotland is noted for its production of high-
grade seed potatoes, most of which are sold
to plant the ware acreage in England and Wales.
Seed potatoes are exported to a number of
other European countries, notably Spain, and
also to South Africa. In 1955, of the 135,000
acres of potatoes grown in Scotland, approxi-
mately 60 percent (80,000 acres)were for seed
production. Seed potatoes are grown throughout
the country. Consumption of ware potatoes is on
a level similar to that in England and Wales- -
approximately 200 1lb. per head per annum.
Average yields are around 8 tons per acre.

POTATO DISTRIBUTION AND VARIETIES

A large part of Scotland consists of moun-
tainous areas unsuitable for arable cultivation.
Cropping is largely confined to the lower
ground, in particular the coastal and inland
districts running up the east of the country.
The largest concentrations of potatoes are
found in the three adjoining eastern counties:
Angus, Perth, and Fife. Elsewhere in the east,
Aberdeen, Kincardine, and East Lothian are
important potato areas. In the southwest in
Ayrshire there is an early potato district
confined to a narrow coastal strip with its
main center around Girvan. Figure 13 shows
the distribution of potato growing in Scotland.
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FIGURE 13.--Distribution of potato growing in Scotland.



Although well over 50 different named varj-
eties are grown, 7 varieties account for 80
percent ‘of the total potato acreage. Three
of these, Arran Pilot (early), Majestic, and
King Edward (maincrop), are grown almost
entirely for export as seed. The remaining
four varieties, Epicure (early), Kerr's Pink,
Redskin, and Golden Wonder (maincrop) are
grown principally for home ware consumption.
A description of the varieties grown is given
in a publication on seed potatoes (Scotland,
Department of Agriculture, 1952),

SOIL AND CLIMATIC CONDITIONS

Most of the crop is grown on well-drained
sandy or silty loams. These are usually in
a state of high fertility, due to the system of
farming practiced, with its emphasis on a
balance between crops and livestock. Summer
temperatures are low: Mean monthly figures
at this time of the year do not usually exceed
60° F. Rainfall is usually adequate, although in
some potato areas, notably parts of East
Lothian, conditions in the summer may some-
times be too dry for the crop. A marked
feature of climatic conditions in the potato
growing areas is the variation, particularly in
rainfall and humidity, within short distances.
This results from the hilly or mountainous
nature of the countryside and the varying
distance of the crops from the sea.

Early potatoes are planted at the end of
February or early March, and lifted in June;
the maincrop season is from the end of April
to October.

BLIGHT EPIDEMICS: GENERAL

It would be unrealistic to attempt to review
blight epidemics for Scotland as a whole,
owing to variations in the severity of the
disease from place to place and the differences
in climatic conditions. Some division of the
country is necessary before the problem can
be approached. Unfortunately, itis not possible
to divide the country up into a small number
of climatic regions. The position is further
complicated by the growing of early and
maincrop varieties side by side in the seed-
growing areas, with variations in the inci-
dence of blight on the 2 types of potatoes. For
the purposes of this study, a simple division
into 3 main regions has been made, based on
the 3 advisory regions of the Scottish Agri-
cultural Advisory Service. These three
regions--the north, the east, and the west--
are shown in figure 14, and they can be de-
scribed briefly as follows:

North region.--Includes 20 percent of the
total Scottish potato
acreage. Most of the po-
tatoes are grown on rela-
tively low ground near the
coast, from the south of

Kincardineshire to just
north of the Moray Firth.
Elsewhere, scattered
crops are grown in the
valleys, with some pro-
duction on the islands,
notably the Orkneys.

East region.--62 percent of the potato
acreage. A very important
seed-growing area lies to
the north and south of the
Firth of Tay. Ware and
seed potatoes are produced
in the Lothians and Ber-
wickshire.

West region.--18 percent of the potato
acreage. Potatoes are
grown throughoutthe area,
principally on low ground,
with concentrations near
Dumfries (seed), south-
west Wigtownshire (early
ware), and Girvan (early
ware).

o SCOTLAND
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FIGURE 14.--Advisory regions and localities of Scotland referred to
in text.

C. E. Foister has provided a summarized
account of potato blight in Scotland for each
of the years from 1946 to 1955. These accounts
have been built up from records supplied by
the three regional plant pathologists of the
advisory service and by the potato seed
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inspectors of the Department of Agriculture
for Scotland. This material is not published.
Some additional information has been incor-
porated by Foister from annually published
accounts on the productivity of the principal
Scottish arable crops, given in the Trans-

actions of the Royal Highland and Agricultural
Society of Scotland.

Table 21, which has been condensed from
Dr. Foister’s account, shows the incidence
of blight on a regional basis over the 10-year
period.

TABLE 21. --Incidence of potato blight in Scotland, 1946-55

Amount of blight North Region

East Region West Region

1949, 1953
1948, 1954, 1955
1946, 1947, 1950,
1951, 1952

Moderateeeseeseoeeeccnes
Slighteseseseeecocesacsns
Negligibleeeessesoooonesns

1948, 1949, 1950, 1954
1946, 1951, 1953
1947, 1952, 1955

1950, 1953
1947, 1952, 1955
1946, 1948, 1949, . 41,
1954

It is not possible to define exactly what is

meant by ‘‘negligible,’* ‘‘slight,’’ and ‘‘mod-.

erate'’’ attacks of the disease, but inthe analy-
sis given in table 21, the terms used refer to
the combined effect of the blight attack on the
haulm and on the tubers.

The most noticeable feature of table 21 is
the number of years in which the disease is
described as ‘‘negligible’’ or ‘‘slight.’’ In the
north region, the disease was ‘‘negligible’’
or ‘'slight’’ in 8 out of 10 years; in the east
region in 6 out of 10 years; and in the west
region in 8 out of 10 years. The east region
is the worst affected by blight during the 10
years under review, and this is the most im-
portant potato-growing area. Within the east
region blight is most serious in its effects
in the seed-growing areas near the Firth of
Tay, but the principal losses here appear to
be caused by tuber infection.

BLIGHT ON HAULM

Although reports of isolated primary foci
may be made very early in the summer,
generalized field outbreaks of the disease
in particular areas very seldom occur before
the end of July or the beginning of August.
According to Foister, blight usually appears
first in the southwest of Scotland. Gray,
Clouston, and Biggar (1952) have analyzed
first reports of blight for the north region
from 1943 to 1952. During this 10-year period,
these reports came between late June and the
third week in July, but they did not signify
general outbreaks. For the west region,
Grainger (1955) has given the times of the
first appearance of blight on his disease
phenology plots at Auchincruive over the
period, 1944-52. These were as follows:

Mid- End Early Mid- End
July July Aug. Aug. Aug.
1948 1944 1946 1945 1949

1947 1950

1951

1952

38

Blight occurred every year, with outbreaks
at the end of July or in early August in 6 out
of the 9 years. It seems very probable that
the first appearance of the disease on the
plots at Auchincruive will precede generalized
field outbreaks on maincrop varieties in the
west of Scotland. Similar data are not available
for the east region, but, in general, field
outbreaks there are most unlikely to occur
before outbreaks in the west.

The most detailed information on the effect
of blight on the haulm comes from the west
region and has been provided by Grainger,
again from data obtained on the Auchincruive
plots. Table 22 sets out the dates on which
100 percent blight destruction of the tops
occurred, for 2 potato varieties, over the
period 1949-54.

TABLE 22. --Date on which 100 percent blight of
haulm occurred at Auchincruive, Scotland,
on Kerr's Pink and King Edward pota-
toes, 1949-54

100 percent blight on
haulm of --

Year

Kerr's Pink |King Edward

1949..00eveueeee.. | September 12 [September 16

19500 cusecenenanns 28 10
1951 eeeccneencen. 27 28
19520 ieeenncannns 16 10
19530 cieieennncnns 17 10
1954 e eeeieancsnnas 20 5

Average date

(6 years)..... | September 20 |September 13

The 100 percent stage was generally reached
around the middle to the end of September.
The 75 percent blight stage will have occurred
some days before this, but, even so, the
evidence from table 22 is that, at this center,
annual yield losses through premature defolia-
tion of the plants are very small.



For the north region, Elizabeth G. Gray has
informed the writers that seed crops are usu-
ally burned off before blight reaches the 75
percent stage, and blight on the haulm is not
often severe enough to affect yield, except in
coastal districts. In the east region, A. E. W,
Boyd has reviewed his observations made
between 1949-56, from which he concludes that
the 75 percent date for Majestic inthe east and
southeast of Scotland is usually during the
first week in September; but he stresses the
variations in blight incidence throughout the
region.

In Scotland, it is unusual for the 75 percent
blight defoliation stage to be reached much
before early- to mid-September in any year.
If this is so, yield losses through defoliation
are likely to be small. The data for England
and Wales (fig. 8) indicate that when blight
reaches the 75 percent stage by mid-Sep-
tember, there is an average loss of only 4
percent of the potential potato yield. The
Scottish potato-growing season is somewhat
later than in England, so that the 75 percent
stage by mid-September probably indicates a
slightly greater loss than 4 percent, but this
does not happen everyyear. The lack of precise
information on these various points shows the
necessity for more detailed survey work,
although the variable topography and weather
conditions may render this rather difficult.

An appraisal of defoliationlosses in Scotland
must take account of the predominant part
Played by the seed potato crop. The practice
among growers is to destroy the tops of their
seed crops at the time, usually during the first
half of September, when they consider that
they have obtained the maximum yield of seed -
sized tubers (2% in. x l% in.). Thus, the defolia-

tion losses by blight in seed crops are likely
to be very small indeed, as the majority of
these crops are burned off before the 75 percent
blight stage is reached.

If the acreage of early ware crops is added
to the acreage of seed crops, these two are
found to account for three-quarters of the
total Scottish potato acreage. It is therefore
on only a quarter of the total acreage (the
maincrop ware) that defoliation losses of any
importance are likely to occur, and even here
they have been shown to be small.

BLIGHT IN TUBERS

There can be no doubt that blight in tubers
is the problem which is of most concern in
Scotland, because of the importance of the seed
crop. Since 1953, figures have been obtained
in the course of crop-check weighings by the
Ministry of Food and Potato Marketing Board,
in Scotland as in England and Wales, which
give the weights of blighted tubers present at
lifting in a representative sample of 600to 800
Scottish potato crops each year (principally
maincrop varieties). Table 23 shows the re-
sults for 1953-56, In 1953, 1954, and 1956 a
fair amount of blight was present on the
potato haulm, at any rate in parts of Scotland.

Over the 4-year period, the average amount
of tuber infection causedby blight before lifting
was under 2 cwt. per acre, which, expressedas
a percentage of the average potato crop, equals
about 1 percent of the actual yield. This puts
the problem into perspective. It means that in
most of the crops, even in blight years, tuber
infection in the soil is either absent or very
slight. The few crops in which really heavy
infection occurs, with a loss of up to 3 tons

TABLE 23. --Mean weights of blighted tubers recorded at lifting, Scotland, 1953-56

Region and county

North region:

Ross and Cromarty, Inverness, Calthness........
Aberdeen, Kincardine..eeeeeseeeceeesecescccacens

East region:

Perth, ANQUB.ceeeetttessecsscnesccccccsccnncens
Fif@cueeeeeeeeecoscsooasansesnsosescscacscannnns

lothians, BerwicKeeeceeoeoeooecoossosacoccsoass

West region:

Ayr, Lanark, Argyll....ccccecececococccconscons
Dumfries, Kirkcudbright......ceeeceecececccanes

Scotland (@ll regionsS)eeceesssecocscccocssccccses

Number of potato crops In SUrveyeeeeeeeoeccceces

1953 1954 1955 1956
Cwt./acre | Cwt./acre | Cwt./acre | Cwt./acre
3.7 0.4 0.7 0.2
2,5 .7 .3 3
3 !
1.6 2.8 0 2.2
3.0 1.4 0 4.9
bt 1.6 0 3.6
3.7 2.4 23 2.7
1.0 9.9 1.0 1.0
2.8 1.6 o2 1.9
600 810 782 732
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of potatoes per acre, tend to get an undue
amount of publicity with a consequent exag-
geration of the problem.

It would appear from table 23 that tuber
blight infection is least important in the north
region, where in 3 out of the 4 years only
very 6mall amounts of the disease were
recorded, but it is too early to draw any firm
conclusions about regional differences. Varie-
tal susceptibility to blight infection of the
tubers. and soil conditions are important and
need further analysis.

Blight infection of the potatoes at lifting, by
contact with diseased haulm, is potentially a
greater source of loss in Scotland than in
England and Wales. This follows from the
later growing season in Scotland combined with
a shorter harvest period. Particularly in seed
crops, however, this problem has beentackled
by chemical and mechanical haulm destruc-
tion. In 1956, for example, haulm destruction
was carried out in at least 50 percent of all
Scottish potato crops. Recent field and labora-
tory experiments carried out in the east of
Scotland and reported by Boyd and Henderson
(1953) have indicated that as potato tubers
mature, their resistance to blight infection
increases., From this, the authors conclude
that ‘‘very early lifting for seed or for the
early ware market, with blight present on the
haulm, will have much more serious con-
sequences than later lifting, when the haulmis
only slightly green."'’

BLIGHT AND WEATHER DATA

NORTH REGION: Long-term average tem-
perature and rainfall figures for Craibstone,
the North of Scotland College farm near Aber-
deen, are shown in figure 15, together with
planting and lifting times. The low summer
temperature, which in the two hottest months,
July and August, does not exceed a mean of
56°F., is one of the principal factors in the
generally small importance of blight at this
center, despite a relatively high rainfall. The
temperature figures for Craibstone are fairly
typical for potato growing throughout the re-
gion, but rainfall and humidity conditions vary
widely. Blight is usually worst near the coast,
where humidities are increased by coastal
fogs.

EAST REGION: Conditions here, although
very variable, are generally drier than in the
other two regions. At North Berwick (fig. 15),
for example, average annual rainfall is only
24 inches, and the normally low summer rain-
fall, here and throughout East Lothian, is one
of the factors associated withthe lowincidence
of blight. In the east region, blight is most
serious along the north and south banks of the
river Tay, and this may be partly ascribed to
the frequency of sea mists (‘‘haar’’) leadingto
high humidity conditions during the potato-
growing season. Long-term weather records
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SCOTLAND

¢ - North Region ~70
CRAIBSTONE

RAINFALL 5+ 160
Inches

6 - East Region S70
NORTH BERWICK

RAINFALL 5|
Inches

6 ~ West Region ~70
AUCHINCRUIVE

RAINFALL
Inches

FIGURE 13.--Long-term average monthly rainfall and mean tem-
perawres in relation to growing periods for three centers in
Scotland.

for Perth, at the head of the Tay estuary, show
that mean temperature conditions there are
very similar to those at North Berwick (i.e.,
58°to 60° F. in July and August), but average
rainfall is higher (2.9 inches in July and 3.4
inches in August).

WEST REGION: Figure 15 shows long-term
weather data for Auchincruive in relationtothe
growing seasonfor early and maincrop potatoes
in the southwest of Scotland. The most im-
portant early-growing district is centered
around Girvan, which is about 20 miles south
of Auchincruive. Average temperature and
rainfall conditions at Girvan are similar to
those shown in the diagram. That potatoes can
be produced during such a cold growing season
(end of February to June) is due to two main
factors: (1) Only a limited number of fields,
very near to the seashore and practically frost
free, are used for these early crops; and (2)
the potato variety grown is Epicure, whichhas
a remarkable capacity to recover after being
damaged by frost. This early ware crop
virtually escapes any damage from blight, a
fact that is, no doubt, closed linked with the
low-temperature conditions.



Despite the relatively high summer rain-
fall at Auchincruive, blight on the haulm is
of only minor importance in maincrop potato
varieties. This may be, in part, atemperature
effect.

CONTROL MEASURES

Copper compounds, of which copper oxy-
chloride is the most important, are used in
protective spraying against blight. A high
proportion of this work is carried out by
contractors, who normally spray at high-
volume rates. Low-volume spraying is not
practiced on any scale. The close spacing of
the seed crops (about 12 in,x261in.), combined
with the generally moist growing conditions
leads to a luxuriant growth of the potatohaulm,
and considerable damage may be domne by the
passage of spraying equipment through the
crop. This problem has been referred to by
Gray, Clouston, and Biggar (1952), in writing
about the north region. They say that it is
noteworthy that there is probably more en-
thusiasm for spraying in the island counties
than anywhere else in the north. The reason
for this is that on the island crofts spraying
is done by hand (chiefly with knapsack sprayers)
without accompanying mechanical damage to
the potato tops.

The amount of protective spraying carried
out varies in different parts of the country.
Most is done in the important seed-growing
areas near the Firth of Tay. There canbe little
doubt that the object of some of this spraying
combined with later haulm destruction, is to
keep the tubers free from blight infection,
rather than to prolong the growth of the potato
crop. In some of the counties of southwest
Scotland, notably Ayr, Wigtown, Kirkcudbright,
and Lanark, there is little or no protective
spraying.

Data from the '’crop-check surveys'' (table
24) show the approximate percentages of the
maincrops on which protective spraying and
chemical or mechanical haulm destruction
have been practiced during recent years for
the whole of Scotland.

Boyd (1952) has reviewed the various
methods of haulm destruction used in Scotland.
At the present time, spraying with sulfuric
acid is the method most commonly employed.
The main aim of haulm Kkilling is notto protect
the tubers from blight infection, although this

end is served. In seed crops, it is to stop
growth when the maximum quantity of seed-
sized tubers have been formed. The practice
is not compulsory, as in other countries (e.g.,
Holland and France), where the haulms of seed
crops have to be destroyed by a certain date
to prevent the late spread of virus diseases.
Little or no critical experimental work has
been done in Scotland on the economics of this
premature killing in the seed crop. Whether
it pays or not will depend very much on the
variety and on the relative value of seed and
ware potatoes. Up till now, the practice seems
to have been accepted as a good one without
question, but experimentalevidenceis required
against which to test it.

BLIGHT FORECASTING

Grainger (1950) has discussed the results
of forecasting potato blight in the west of
Scotland during 1944-48, using Beaumont
periods as the criteria on which warnings
are based. The method was found tobe success-
ful, provided that the conception of a ‘‘zero
date'' (in this case, July 1) before which
warnings were considered invalid, was em-
ployed. Further evidence that this method is
a success in the west of Scotland has been
provided by Grainger (1955), and in this later
paper, he describes an apparatus for auto-
matically recording the occurrence of Beau-
mont periods. A limited test of the same
method of forecasting blight in the north of
Scotland during 1943-46 has also been re-
ported as successful by Gray, Clouston, and
Biggar (1952).

Since 1949, the Department of Agriculture
for Scotland, in conjunction with the Meteoro-
logical Service, has beeninvestigating the pos-
sibilities of a blight forecasting service for
the whole country. Each year, an attempt has
been made to correlate Beaumont periods at
a number of weather stations with observed
outbreaks of blight in the field: these latter
reports to be sent in chiefly by the Depart-
ment’s potato seed inspectors. The method
has not operated so successfully in the east
of Scotland, where most of the potatoes are
grown, as it has in the other areas.

The rapid changes in micro-climatic condi-
tions over short distances make it very diffi-
cult tc apply a forecasting system to the whole
of Scotland. Fortunately, with the present

TABLE 24, --Number of potato crops in Scotland survey and percentage of crops sprayed and
haulm destroyed, 1953-56

Item

Potato crops in SUTrVEY.eeeeeeeeececeesss . OUMbET. .

Protective spraying...ceeeceeceeececcs.q..percent..
Haulm destruction...ccoeeseeccceccessss.percent..

1953 1954 1955 1956
600 810 782 732
27 32 25 30
52 49 47 52
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emphasis on seed-potato production, coupled
with a generally late attack of blight, the need
for such a service is not so great as in many
other countries.

POTATO BREEDING

W. Black of the Scottish Society for Re-
search in Plant Breeding, now at Pentland-
field, Roslin, Midlothian, has bred a number
of blight-resistant potato varieties, which
have come on to the market since 1948. In
all cases, the resistance to blight was de-
rived from Solanum demissum, The best known
of these varieties has been Pentland Ace, con-
taining the R3 gene; but none of the varieties
have been accepted commercially on a large
scale. All have been attacked by specialized
races of the blight fungus soon after their
introduction. (See also England and Wales:
Resistant Varieties.)

Black (1952), in parallel with workers in
other countries, has been responsible for much
of the pioneer research on the genetics of
blight resistance. The genetics of so-called
‘‘major gene'' resistance has been most fully
explored. In this type of resistance, which is
shown by S. demissum derivatives, the plants
exhibit a hypersensitivity reaction to Phy-

M, which is controlled by a
pumber of single major genes, either alone or
in combination. The presence of four such
genes has been demonstrated. Recently, Black,
Mastenbroek, Mills, and Peterson (1953) have
proposed that an international nomenclature
should be adopted in designating these genes,
and for this purpose have recommended the
adoption of Black's system. In this, the four
genes have been named R}, R2, R3, and Ry4.
The 15 possible genotypes of potatoes contain-
ing these genes, together with the recessive (r)
are shown in figure 16 alongside the equivalent
genotype designations previously used by Mills
and Peterson inthe U.S. A, and by Mastenbroek
in Holland.

The same workers have also suggested the
adoption of an international system for naming
blight races, to be based on the reaction of
particular races to the previously named
genotypes. Races are named according to
the genotypes that they attack. Thus, race 0
attacks none of the resistant genotypes; racel
attacks the recessive and genotype Rj); race
1,2 (pronounced: ‘‘one,two’’'andnot’ ‘twelve'')
attacks the recessive, and genotypes R}, Rz,
and R] R2, but all other genotypes are resistant
to it. No genotype is resistant to blight race
1,2,3,4. This interrelationship between host
and parasite are shown in figure 16 with the

GENOTYPE RACES OF Phytophthora infestans
Scotland A 8B H J D G E 82 - C | - - F - -
U.S.A. A D C - B - - BD = BC - - - - = -
Holland NI N2 N5 - N4 - = N7 - Né - - N8 - N9 =
International [ O [ 2 3 4 T2 1,3 1,4 2,3 2,4 3,4 123 12,4 13,4 2,3,4 1,234
r r r r S S S S S S S S S S S S S S S
Ry D Rg R - S - - - S S S - - - S S S - S
R, € R Ry |- |- s - - s - - s s -|s s - s |s
Ry, - Rg Ry |- |- - s - - s - s - s |s - s s |s
Ry B Ry,5 Rq - - - - s - - s - s S - s s s s
RR, CD - R|R; - - - - - s - - - - - S s - - s
RRg - - RiR3 - - - - - - s - - - - s - s - s
RiRg BD - RiR4 - - - - - - - S - - - - S S - S
RRg - - RRy |- | - - - - - - - s - - s - - s | s
RoRy BC - RaR4 - - - - - - - - - S - - S - S S
ReRy = - RaRy - - - - - - - - - - s - - S S S
RiRpRy - - RRRy | - - - - - - - - - - - s - - - S
RRR, BCD - RRR, |- | - - - - e e
RRRe = = RRR, (- | - - - - B T T
RR®y - - RR®e |- | - - - - | - - - - 1. - - s|s
RiRoR3R4 = - RRR4R, | - - - - - - - - - - - - - - - S
- = Resistant S = Susceptible

FIGURE 16.--International system of designating interrelationships of genes and races of Phytophthora infestans.
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names previously given to the blight races by
the different workers. It is claimed that ‘‘The
advantages in designating genes and races in
this manner are (a) it probably allows for
any extension that may be necessary in the
future; and (b) it illustrates immediately the
inter-relationships between races and between
genes and races without referring todiagrams
or tables.’’

This system of naming genes and races
has now been adopted by all the leading workers
throughout the world. Black's work, which has
included the identification of blight collections
from many countries, has brought to light the
fact that the common race of blight throughout
the world is now race 4.

The chief emphasis in Black's search for
blight-resistant potato varieties is now placed
on ‘‘field resistance,’’ as ‘‘major gene''re-
sistance in a variety is of short duration,
owing to specialization of the blight fungus.
A recent review of blight resistan¢e work
in Scotland has been given by Black
(1954).

SUMMARY: SCOTLAND

A predominant partis played by seed produc-
tion in the potato industry, and defoliation
losses caused by blight are not usually con-
sidered important in Scottish seed crops,
owing to the almost universal practice of
prematurely destroying the haulm in these
crops chemically or mechanically. Present
indications are that blight does not normally
cause serious yield losses through premature
defoliation in any of the major potato-growing
areas. More detailed survey information, par-
ticularly for maincrop ware varieties, is
needed to be sure of this, but climatic dif-
ferences throughout the country make it dif-
ficult to carry out systematic surveys. Data
from surveys of tuber blight infection suggest
that there has probably been a tendency to
overestimate the losses from this cause. Dr.
Black of the Scottish Society for Research in
Plant Breeding has carried out fundamental
work of worldl wide importance on the genetics
of blight resistance.

NORTHERN IRELAND

Northern Ireland, with a population accord-
ing to the 1951 census of about 1.4 millions,
has a total area of 2} million acres under
crops and pasture. In 1951 (Northern Ireland,
Ministry of Agriculture, 1956), about 144,000
acres were under potatoes and the total pro-
duction was 1,197,000 tons, of which 265,000
tons were used for human consumption, in-
dicating a consumption per head of about 400
lb. per annum. In Northern Ireland, as in
Scotland, a high proportion of the potato crops
are grown for seed. In 1951 the shipments of
seed amounted to 84,000 tons, and 171,000 tons
were used for planting in Northern Ireland.
Also, 126,000 tons of ware were shipped, and
in that year, in which the yield was high (8.3
tons per acre), 324,000 tons were used for
stock feed.

Potato growing is fairly equally distributed
among the six counties (fig. 17). The most
important seed-growing areas are in the
northern parts of Londonderry, Antrim, and
mid-Down; the maincrops for ware are chiefly
in a middle belt; and most of the early and
second-early varieties for ware are in County
Down and parts of County Antrim in the Lagan
Valley.

The principal maincrop varieties are Arran
Victory, Kerr's Pink, and Arran Banner. Of
these, the purple -skinned late maincrop variety
Arran Victory is by far the most popular for
ware, and it accounts for some 38 percent of
the acreage. Kerr's Pink follows with about
17 percent, and Arran Banner, also much in
demand for seed for export, occupies about
15 percent. The whole range of British varie-
ties is grown for seed, with fairly large

acreages of Gladstone and Arran Peak (5to 6
percent), and 1 to 2 percent each of Majestic,
King Edward, Dunbar Standard, and Arran
Consul. Ballydoon is extensively grown as a
first-early variety for the home trade, and
British Queen as a second-early. In Northern
Ireland, the predominant Arran Victory is
among the varieties least susceptible to blight.

INCIDENCE OF BLIGHT

As would be expected from the distribution
of the rainfall in the months of July, August,
and September (fig. 18), blight conditions in
Northern Ireland are generally severe, and
more so in the north and westthanin the south
and east. The climagram for Garvagh in
Londonderry (fig. 19) shows that the average
rainfall there is higher than that for ‘‘'blight
years'’ only in the southern zone of England
and Wales (fig. 6). The rainfall figures for
Armagh, perhaps more typical of the ware-
growing area, for the months of July and
August in the years 1947-56 are given in
table 25 as against the potato yields for
Northern Ireland taken from the official sta-
tistics. It will be seen that, as in England
and Wales, 1947 and 1955 were -dry years (and
also years in which the yield was lowest), but
even at Armagh, where the rainfall is lower
than in Londonderry, 8 years out of the 10 had
over 5% inches of rain in the 2 months of July
and August.

The necessity for routine spraying is not in
question in Northern Ireland. Professor
Muskett of Queen’s University, who, withR. W.
Wallace of the Ministry of Agriculture, has
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FIGURE 17.--Approximate distribution of potato growing in Northern Ireland and the Irish Republic.
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FIGURE 18.--Average monthly rainfall and temperatures in Northern Ireland and Irish Republic, showing weather stations referred to in text.

kindly provided most of the information on
which this section of the review is based, re-
calls that in his 35 years' experience there
have been very few years with less than a ton
gain from spraying in the maincrops grown
for ware in Northern Ireland, and the usual
gain in Arran Victory is 13 to 2 tons per acre.

Outbreaks of the disease on the haulm occur
by mid-July; the attack is almost always under
way on unsprayed maincrops in the second
half of July, and thereafter its progress may
be very rapid, with complete killing of the
haulm by early August in the north. Such
very rapid attacks are exceptional, however;
and attacks from mid-August to late August
are more usual for Northern Ireland as a
whole.

The first spraying, which should perhaps
ideally be given at the end of June or beginning
of July, is in practice generally given in mid-
July, with great regularity. The second spray-
ing is given toward the end of July. About 98
percent of the farmers put on the first spray,
and about 85 percent the second. The keenest
growers give a third spraying about mid-
August. A mean gain of l% to 2 tons per acre
is consistent with an average of about a fort-
night's prolongation of growth, due to spraying.
In seed crops the gain inyieldis much less, as
even the maincrop varieties are burned off
before the end of August, but the protective
spraying has the very important function
of minimizing the risk of infection of the
tubers.,

SPRAYING MATERIALS AND SPRAYING
TRIALS

Burgundy mixture is the material still
chiefly used for protective spraying; the pre-
ferred program is to use the 1 percent mixture
for the first application (to avoid injury to the
young haulm by the stronger mixture) and to
use the 2 percent mixture for the second and
third applications to give as much protection
as possible from mid-August into September.

The leading results of a series of trials of
dusting versus spraying with burgundy mix-
ture, carried out in County Down over the
years 1924-30 (Muskett, 1929; and Muskett
and Cairns, 1931) were as shown in table 26.

In the trials in 1924 and 1925 two applica-
tions of 1 percent burgundy mixture were
compared with two of copper dust (15 percent
Cu) at 20 1b. per acre. In 1927 two applica-
tions of similar dust at 30 lb. per acre were
compared with two applications of 2 percent
burgundy; and in 1930 three applications of dust
(16 percent Cu) were compared with three
applications of burgundy, the first two at 1
osercent and the third at 2 percent. It was con-
cluded that dusting was neither soefficientnor
so economical as spraying with burgundy
mixture.

In the three consecutive years 1924-26, a
series of spraying trials was carried out at
4 or 5 centers in each of the 6 counties,
covering the whole range of maincrop varieties.
The mean results of these trials (hitherto un-

TABLE 25. --Rainfall in County Armagh, and potato yields for Northern Ireland, 1947-56

Rainfall and potato yields 1947 | 1948 | 1949 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955 | 1956
Rainfall in--
JUlYeeeessassacsassseesssssinches.. [ 3.4 | 2.5 | 2.7 | 4.8 | 3.3 1.7 | 4.1 |4.6 | 1.8 3.8
Mgust.eeeeeceeescccsscesnnaesedO., .6 | 3.5 [ 3.0 |5.3 4.5 [3.9 |3.7 |2.3 (1.1 6.3
Potatosssssesessessssstons per acre.. [ 5.6 | 7.9 | 7.6 | 7.5 [ 8.3 | 7.9 | 8.1 |7.0 |6.5 7.0
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published), for two sprayings with 1 and 2 per-
cent burgundy mixture, respectively, are shown
in table 27,

The results of such trials carried out at
many centers over consecutive years con-
stitute a survey and leave no doubt about the
level of blight losses. On the basis of the
bulking curve for Majestic in England (fig. 8)
the mean yield for the unsprayed (9.3 tons, or
74 percent of a potential yield of about 124 tons)
would indicate a 75 percent date for the un-
sprayed haulm about mid-August; with cor-
responding dates for the haulm twice sprayed
with 1 and 2 percent burgundy mixture, about
September 7 and September 15, respectively,
This agrees very well with general observa-
tions on the course of the disease on
sprayed and unsprayed haulm in Northern
Ireland.

Numerous other spraying trials were carried
out over the years 1936-40 at Hillsborough
Agricultural Research Institute in County
Down; at Greenmount Agricultural College,
Muckamore, in County Antrim; and again at
20 to 30 centers throughout Northern Ireland,
in connection with pioneer work on the testing
of the then-new copper oxychloride and cuprous
oxide sprays. The main indication from these
many trials was that 2 percent burgundy mix-
ture was perhaps unnecessarily strong, at any
rate for the first application, and that both
cuprous oxide and copper oxychloride prepara-
tions, when used at the same copper dosage
as 1 percent burgundy mixture (0.25 percent
Cu) would have about the same protective ef-
fect.

A series of trials, again hitherto unpub-
lished, was made at Hillsborough in each of
the 5 years, 1936-40 on the second-early
variety British Queen. The trial crops were
generally planted rather late (in May) and they
ripened off about the second week in September.
The leading results for the controls and plots
twice sprayed with 2 percent burgundy mix-
ture (8.10.40) are given in table 28, It has
been possible to estimate the 0.1 and 75 per-
cent dates for the unsprayed haulm very closely
from the notes made on the condition of the
haulm at various dates, although no blight
key was then used. The 75 percent dates on
the sprayed haulmn were indeterminate as
blight and ripening-off effects were con-
current in September.

The blight attack was evidently somewhat
later than usual in 1940, but on the average
over the 5 years the spraying appears to
have given a useful prolongation of growth
from about mid-August until the end of August
or just into September each year, with an

average gain in total crop of 2} tons per
acre.



TABLE 26. --Results of dusting versus spraying trials on

1924-25, 1927, 1930

potatoes in County Down, Ireland,

Mean total yield
Year Trials Potato variety
Unsprayed Dusted Sprayed
Number Tons/acre | Tons/acr
SAnbe T
19240000....l..l...........I... 2 I.OCharCOOOOOOlI. 1206 12/03 e OIIISB/‘ajcre
19250.000..ooooooo-ooooouno--o- 3 -odOoooooo-ooocc 1504- 1509 1702
1927--ooo.....--oooooo-ooooooc- l Up to da‘te...... - 9.3 1007
1930ceessccsesssssossssssaccccs 1 British Queen... 12.4 12.9 1.4

TABLE 27. --Mean results of spraying with burgundy mixture on maincrop varieties throughout
Northern Ireland, 1924-26

Mean total crop Blighted tubers
Twice sprayed Twice sprayed
Year Trials prav ce spraye
Unsprayed | 1 percent | 2 percent | Unsprayed | 1 percent | 2 percent
mixture mixture mixture mixture
Number | Tons/acre | Tons/acre Tons/acre | Gwt./acre | Cwt./acre | Cwt./acre
1924 cceceeccnenns 27 9.0 10.7 11.1 15 12 12
19250 cceeccncnnss 28 9.1 11.4 11.9 10 5 5
1926cececcsscecss 21 9.8 12.3 13.2 5 5 3
MeaNesossocsoss - 9.3 11.5 12.1 10 7 7

TABLE 28. --Results of spraying trials on British Queen potato in County Down, Ireland, 1936-40

Date on which blight )

on unsprayed haulm Total yield Blighted tubers
reached--
Year
0.1 75 Unsprayed Sprayed Unsprayed Sprayed
percent percent

Tons/acre | Tons/acre | Cwt./acre | Cwt./acre
1936 eeeeececcccassccnns July 14 Mig. 10 6.8 8.3 7 2
1937 eeeeennnecssccnanns July 22 Mg. 15 9.1 11.8 4 1
1938 0eereececansacnnns July 22 Mig. 10 11.3 15.7 11 6
1939 eeceescccssseancaccs Ag. 3 Aug. 21 12.3 15.0 8 20
194000 eeeeccenssscnnsens Mg, 5 Mig. 24 12.7 13.6 3 2
MEBNeeeeoesoossssssssse|casnnnnns Mug. 16 10.4 12.9 6 6
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HAULM DESTRUCTION

Haulm destruction to prevent both virus and
blight infection of the tubers is obligatory in
all seed crops in Northern Ireland entered for
Stock Seed Certificates. The early varieties
are burned off about the last week in July,
and the maincrops about the last week in
August--a little earlier or later in each case,
according to the conditions of the season.
Sodium chlorate is chiefly used, the rate of
application being about 28 1b, per 100 gallons
of water per acre. Sodium chlorate is pre-
ferred to sulfuric acid, as it does not require
acidproof machines, and it acts more slowly,
giving opportunity for the tubers to ripen off.
Little burning off is done on the ware crops.

A good indication of the losses due to
blighted tubers in ware crops protectively
sprayed in the usual way is given in a report
on variety trials (Northern Ireland, Ministry
of Agriculture, 1954). In trials at 13 centers
in 1954 and 99 centers in previous years the
mean percentage of blighted tubers in Arran
Banner was 4.2 percent of the total crop (14
cwt, per acre) and in Majestic 2.3 percent
(7 cwt. per acre). These figures are of the
same order as those shown in the spraying
trials, and indicate a general loss of 2 to 4
percent by infection before 1lifting. Tuber
infection tends to be less on the close soils
of North Derry than on the poorer open soils
of mid-Antrim.

POTATO BREEDING

Many of the principal new British potato
varieties in recent years have been raised
in Northern Ireland by John Clarke on his
small farm at Mosside, near Ballycastle in
the north of Antrim. His introductions include
Ulster Chieftain, Ulster Premier, and Ulster
Prince as first-early varieties; Ulster Ensign
and Ulster Emblem as second -early potatoes;
Ulster Torch, Ulster Beacon, Ulster Tarn,
and Ulster Knight as maincrop varieties, and
Ulster Supreme, a late maincrop. This wealth
of new varieties can be compared only with

the famous Arran series raised by Donald
Mackelvie on the island of Arran in Scotland
earlier in this century.

Much work is done by the Ministry’s In-
spectors and by Professor Muskett's staff
at Queen's University to assist potato breed-
ing in connection with the important Northern
Ireland seed trade; and the National Institute
of Agricultural Botany have potato centers
for raising virus-tested stocks in North
Antrim, and for multiplying new stocks near
Coleraine for trials in England. Blight-re-
sistant seedlings and new blight-resistant
varieties are tested at these centers under the
prevailing severe blight conditions; but the
commercial cultivation of R-gene resistant
varieties in Northern Ireland is so far neg-
ligible. The choice of varieties for ware crops
is dictated by the consumers®' demand for
quality rather than by any consideration of
blight susceptibility.

Doling (1957) has recently surveyed Northern
Ireland for races of Phytophthora infestans.
In the commercial varieties he found only race
4 to be widely distributed. In 73 isolates, 70
were race 4 and only 3 were race 0.

SUMMARY: NORTHERN IRELAND

Potato blight is severe almost every year
in Northern Ireland. Routine protective spray-
ing is universal, and the need for this has
been well established by a great number of
spraying trials carried out systematically
throughout the country. Any unsprayed haulm
is killed by blight between the end of July
and the end of August, according to locality,
variety, and season, with mid-August as the
mean 75 percent date. The mean gain from 2,
or rarely 3 sprayings is 13 to 2 tons per
acre or about two-thirds of the total defoliation
loss caused by blight. There is a constantloss
of 2 to 4 percent in ware crops due to blight
in tubers. Northern Ireland has an important
seed potato trade. In the seed crops, some
of the yield of ware-sized tubers is lost by
burning off the haulm in August, but the blight
losses are slight.

REPUBLIC OF IRELAND

The Republic of Ireland (Eire), with a Popu-
lation, according to the 1951 census, of about
3 millions, has a total land area of about 17.4
million acres. In 1954, some 292,000 acres
were under potatoes, 1,516,000 under corn
and other crops, and 7,929,000 under pasture.
The potato production in that year was about
2%+ million tons, or about 7.7 tons per acre
(Ireland (Eire) Central Statistics Office, 1955),
The consumption of potatoes per head in 1947 -
48 (F.A.O. 1948) was 420 1b. per annum,
or about twice that in England and Wales.,
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The acreage under potatoes, apart from
temporary rises to 500,000 and 430,000 acres,
respectively, in the first and second World
Wars, has fallen steadily from about 458,000
acres at the beginning of the century to 292,000
acres in 1954, But, against this, the yield
per acre has risen from 4.2 tons in 1900-
1909 to 7.8 in 1940-49, and it was over 83
tons per acre in the years 1950-53,

The rise in yield during this century reflects
the work done by the Department of Agriculture
in the promotion of good cultivation and



manuring, varietal improvement, the sup-
pression of virus diseases, and campaigning
for spraying against blight,

Sugar beet has played an important part
in the recent history of the root crop in
Ireland. This crop, introduced in 1926, was
occupying 74,000 acres in 1954, with a pro-
duction of 674,000 tons. Thus: In 1900-1909,
458,000 acres produced 1,853,000 tons of
potatoes for a population of 3.2 million; in
1954, 366,000 acres produced 2,248,000 tons
of potatoes plus 674,000 tons sugar beet for
a population of 3.0 million.

Also, to the account for 1954, there must
be added an important export trade in seed
potatoes of the highest quality and freedom
from virus diseases, built up since the 1920's
through the devoted labors of Davidson,
Delaney, and their coworkers in the Potato
Inspectorate, aided by the pioneering inves-
tigations of Pethybridge, Murphy, and McKay.
Davidson (1937) describes the foundation of
the industry, and McKay (1955) provides a
practical account of all the work on potato
diseases that has contributed to the present
well-being of the potato in Ireland.

DISTRIBUTION AND VARIETIES

As the map (fig. 17) clearly shows, potato
growing is fairly evenly distributed over the
whole of Eire. The chief seed-producing dis-
tricts are in Donegal, Mayo, and around
Athlone; early varieties are grown most ex-
tensively in the south--in Cork, Waterford,
and Wexford--and also in the Dublin area;
but maincrops for ware are also grown in all
districts, The cultivation is mostly on small
farms.

The principal maincrop varieties are now
Kerr’s Pink and Arran Banner. Kerr's Pink,
a late maincrop variety, popular for its good
vield and quality, is grown in all parts of the
country, and probably accounts for about half
the present acreage. Arran Banner, the other
most extensively grown variety, is notably
earlier in maturity. It is grown not only for
ware but also for seed--large quantities of
which are produced for export, principally
to Mediterranean countries. Majestic, King
Edward, and the whole range of British
varieties are also produced for seed. Culinary
quality in potato varieties is traditionally
appreciated in Ireland, and small acreages
of the superb Golden Wonder, and also some
of the best varieties of the past, even Champion,
are still grown, Up-to-Date, despite its present
high susceptibility to blight, is still in demand
for its quality in many parts of the world,
notably South Africa, and it is still grown
in Ireland both for seed and ware.

The second-early variety, British Queen,
is also widely grown, again because of its
quality and despite its high susceptibility

to blight. Epicure is still one of the most
popular first-early potatoes.

Small acreages of Alpha and Voran are
grown here and there, but the production of
potatoes for industrial purposes is very small.
However, the production of potatoes for in-
dustrial purposes (alcohol, starch, etc.) in
Ireland has been carefully investigated by
Drew (1941) and Drew and Deasy (1939), who
concluded that continental varieties had little
superiority in point of starch production over
Arran Banner and other high-yielding varieties
already grown in Ireland.

CLIMATIC CONDITIONS

Ireland has a temperate climate with abun-
dant rainfall, particularly well suited to the
potato crop, of which it is the traditional
European home. Conditions are not so cold
in winter or so warm in summer asin eastern
England or in continental Europe. In configura-
tion the country is a ‘‘saucer,' or large
central plain, comprising the drainage area of
the river Shannon with much bog land, sur-
rounded by broken mountainous country to
the north and west and by hills to the south
and east. The country is swept by maritime
air from the southwest, and humidity condi-
tions tend to be fairly uniform over most of
the country as the mountains are too broken
to afford much shelter in their lee. In the
absence of surveys for the 75 to 90 percent
stages of blight, such as have been made in
England and Wales in recent years, it is not
possible to zone Ireland for severity of blight
as has been done for England and Wales in
figures 4 and 5. On the whole the worst
districts for blight are those with the highest
rainfall in the months of July, August, and
September; and the long-term average rainfall
distribution maps, given in figure 18, serve
to indicate the regional differences. The blight
epidemics tend to be severe in the west, and
perhaps most severe in Galway, Roscommon,
and parts of Offaly and Westmeath. They
tend to be least severe in the east, notably
near Dublin, which is in the driest part of
the country.

The climagrams (fig. 19) enable the mean
rainfall and temperature conditions in vari-
ous parts of Ireland to be compared with
those in England and Wales--and other parts
of the world. At Markree Castle, County
Sligo, which, with Garvagh in Londonderry
in Northern Ireland, fairly well represents
the mountainous and wind-swept seed-growing
areas of Mayo, Sligo, and Donegal, the mean
temperatures in July and August are rela-
tively low, reaching only about 58° F,, and the
rainfall in the months of July to September
is very high, At Cork, in the south, given as
fairly typical of the southern coastal zone
from Cork to Wexford where many early
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varieties are grown, the diagram is very
similar to that for Penzance (fig. 6). At
Birr, Offaly, in the central area, the long-
term average rainfall and temperatures over
all years are similar to those of the ‘‘blight
years'' only in the southern and Fen zones
of England. At Dublin, although this repre-
sents the driest part of Ireland, the average
rainfall follows the same pattern as at Birr,
and it is not very much less. Even in this
area blight epidemics tend to be more fre-
quent and severe than in the southern zone
of England. Although there are regional dif-
ferences in the incidence of blight in Ireland,
these differences are much less than in
England and Wales. For the purpose of esti-
mating average blight losses it may not be
greatly misleading to treat Ireland as a
whole--as a single blight zone--with a higher
frequency of severe epidemics than any other
such zone in the British Isles.

As the climagrams would suggest, planting
and lifting dates for the potato crops in
Ireland (Eire and Northern Ireland) are simi-
lar to those in the south of England and
Wales. Early varieties in the southern coastal
districts are planted in February and March
for lifting at the end of May and in June. The
maincrops are generally planted in April,
and lifted in October (Kerr's Pink) or during
September (Arran Banner).

RECENT BLIGHT EPIDEMICS

In the famine year 1846, Father Matthew
recorded that the potatoes from Dublin to
Cork were blooming in all the luxuriance of
an abundant harvest on July 27, while on
August 3 there was one wide waste of putrefying
vegetation. In terms of our present (B.M.S.)
scale for blight assessment on the foliage
this would suggest that the attack, which had
probably started in early July, was stillincon-
spicuous from the roadside, though perhaps
up to 25 percent by July 27, but that it was at
50 to 75 percent a week later. Such very early
defoliation, which would now be expected to
result in a loss of half the crop, still occurs in
some years in unsprayed crops of susceptible
varieties in county Galway, but 75to 90 percent
dates before mid-August appear to be excep-
tional, and in many years the bulk of the
defoliation loss occurs in September.

The dates of first outbreaks of blight have
been well determined in Ireland, where the
Department's instructors and potato inspectors
have been systematically reporting on first
occurrences since 1907. A retrospect of the
results of this work for 50 years (1907-56)
has now been published by McKay (1957),
This unique record shows clearly that the first
outbreaks (often on clamp sites or waste
heaps) usually occur in May or early June
in the early-potato districts of Cork, Water-
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ford, and Wexford; and at about the same
time, or at most a little later, in Galway
and Mayo. In only 9 years out of the 50 was
the appearance of blight delayed beyond mid-
June, and in most years it became more or
less prevalent throughout the country from
the end of June onward.

These early outbreaks were by no means
always followed by severe epidemics, as the
progress of the disease was frequently checked
by subsequent warm dry weather--rarely until
the end of the season but quite often until
late August or early September.

The general courses of the blight epidemics
after the outbreaks each vyear, for many
years past, have been described by McKay
in appendices to the Annual Reports of the
Minister for Agriculture. The accounts of
the epidemics for the 10 years from 1947 to
1956 (McKay, 1948-57) enable these years
to be grouped into ‘‘blight years,'' when the
disease was more or less severe, and ‘‘other
years,' when its incidence was relatively
slight, What constitutes a ‘‘blight year’ in
Eire may be seen from the following brief
extracts from McKay's notes, which refer
to the general incidence of blight. As pro-
tective spraying is the rule in Eire, the
progress of the disease, as described, must
be taken as referring in the main to sprayed
crops and not to the unrestricted epidemic
were the crops left unsprayed.

Blight years Blight conditions
1948----Appeared early, but not general
until near mid-September, then
rapid. Tuber infection low.
1950----General frombeginning of August,
but not virulent until mid-
September. Tuber infection low.
1951----Prevalent from beginning of
August, then a severe epidemic,
during which the superiority of
burgundy mixture was shown up.
Tuber infection high in some
parts,
1952 ----Common from mid-July onward,
rapid kill of tops in September.
Tuber infection low.
1953----General from mid-July onward,
long-drawn-out attack, reaching
its peak in September. Some
heavy tuber infection from lifting
while tops not completely dead.
1954----Widespread from mid-June on-
ward, but development some-
what erratic up to harvest.
1956----General by the end of June, little
severe killing of the foliage until
the end of August, then rapid.
Long -drawn-out attack with some
heavy tuber infection.




Other years Blight conditions

1947 ----Prevalent from end of June, but
spraying and very warm weather
in August stopped spread on main-
crops. Became active again in
September. Tuber infection neg-
ligible in late varieties.

1949----Only of minor importance
throughout the season, owing to
the exceptionally dry, warm
weather.

1955----Warm weather in July halted the
attack, but sporing continued on
lower leaves and revived on un-
sprayed crops in September.
Some serious tuber infection from
lifting when tops not completely
dead.

Table 29 shows the mean rainfall, for Eire
as a whole, in the months of June, July,
August, and September in each of the years
1947-56, and also the mean temperatures in
each month in terms of degrees Fahrenheit
deviation from the long-term averages shown
in figure 18. It would have been correct to
express these temperature deviations as a
range; e.g., as ‘‘-1 to+1" for July 1950 in-
stead of ''0,’* but for simplicity the mean of
the two extremes of the range is given, and
this serves well enough to differentiate be-
tween the warm and the cool seasons. The
mean potato yields for Eire, each year, as
given by the official statistics, are alsoentered
in the table.

The distinction between ‘‘blight years'® and
‘‘other years'' cannot be made very precisely
for Eire, as indeed there was only 1 of the
10 years (1949) in which the blight attack was
negligible, but the data in table 29, read in
conjunction with McKay's notes, would sug-
gest that the frequency of ‘‘blight years'' is
7 or 8 in 10, and that in these ‘‘blight years,"’
despite all the spraying that is done, the
growth of such maincrops as Kerr's Pink is
generally stopped by blight in September--
probably by about mid-September; with the
unsprayed crops going down some weeks
earlier.

Table 29 shows clearly the checking effect
of low rainfall and higher mean temperatures
during July and August onthe blight epidemics.
It also shows that, as in England and Wales,
the years of low average national yleld are
not usually the ‘‘blight years,’’ but the years
with relatively warm dry summers in which
blight is least severe. This would not be so
in Ireland but for the protective spraying,
which enables the crop to reap the benefit
of the good growing conditions in the blight
years,

PROTECTIVE SPRAYING

After half a century of use and many
challenges from other materials, burgundy
mixture is still the material officially rec-
ommended and most generally used for potato
spraying in Ireland. The main reason for this
lies in the high resistance of the deposits

TABLE 29, --Mean rainfall, mean temperature deviation from long-term averages, mean potato
yields for Eire, 1947-56

Rainfall Mean temperature deviations® | Mean
Year and average - potato
June July | Aug. Sept. June | July Aug. Sept. yield
In, In. In. In. OF. °F. °F. °F. |Tons/acre
Long-term average..... 2.8 3.7 4.2 3.2 -- -- -- -- --
Blight years:
1948ceieeiecencennes 3.9 3.1 3.9 3.9 -1 -1 0 -1 8.5
1950ccceccccceccacss 2.6 5.0 6.3 6.4 -1 0 +1 -1 8.5
1951 ciencncenncnns . 2.4 3.2 5.2 5.0 +1 +1 -1 +1 8.6
1952 ceeccscconccns 2.5 1.4 3.6 2.4 0 +1 +1 -3 8.6
1953...... . 1.3 5.5 4.3 4.7 0 0 +1 +2 8.8
1954 ceeeecscccccsnns 2.7 4.2 3.2 5.7 -1 -2 -1 -2 7.7
1956cececcccccescnns 3.1 5.3 3.6 4.9 0 0 -2 +2 9.2
Other years:
- 6.8
1947 ceeeececennnans 47 4.0 1.2 3.7 +1 1 +5 +2
1949 cceeecceccccnans 1.2 3.2 4.0 2.6 +3 +2 +2 +4 7.7
194400.00.-..--0---- 501 09 2.1 3-5 O +3 “"4' 'l 704

1 see figure 18 for average temperatures.

51



to washing off by rain and the consequent
relatively long period of protection given,
which, as may be seen from McKay's notes,
is important not only for prolonging the
growth of the haulm to increase yield, but
also for keeping blight off the haulm as long
as possible to reduce the opportunity for the
infection of the tubers.

One percent burgundy mixture (freshly made
up with 4 1b, copper sulfate and 5 lb. washing
soda per 40 gallons of water) is now the
standard spray, but 2 percent burgundy is
still preferred in the west, and is resorted
to elsewhere in wet seasons. The mixture is
applied at the rate of 120 gallons per acre,
still often by knapsack sprayers, butbyhorse-
or tractor-drawn machines on the larger
farms. The first application is generally
recommended toward the end of June, and
the second about 3 weeks later, but the
application dates vary according to the preva-
lence of blight, forwardness of the crop, and
weather conditions. A third application is
occasionally given; hence, again the need for
a spray material that, applied for the last
time towards the end of July, will give pro-
tection for the longest possible time in August.
Copper oxychloride and cuprous oxide sprays,
at the same copper dosage as 1 percent
burgundy mixture, are used to some extent
in Eire, but despite their convenience in use,
they have not made the same headway as in
England and Wales or other parts of Europe.

The predominant variety, Kerr's Pink, would
normally grow on to the end of September in
the absence of blight or with very efficient
spraying. In Galway blight candevastate Kerr's
Pink during July, and in the worst years the
unsprayed crops would be dead by the first
week in August, with a loss of about half
the crop. Although this is rare, even with
three sprayings most of the haulm is usually
killed by mid-September. In Monaghan and
the north midlands Kerr's Pink is sometimes
sprayed only once in the drier years. In
Wexford and Waterford, where the unsprayed
haulm is sometimes killed by mid-August,
and almost always by the end of August, two
sprayings are usual, with a third in wet
seasons, The variety Up-to-Date, where it is
still grown, suffers rather more severe attack
than Kerr's Pink, but when sprayed as for
Kerr's Pink the differences in loss of yield
are not great, Arran Banner, which occupies
a considerable part of the potato acreage in
most districts, often escapes much reduction
of yield by blight, as it reaches maturity about
the end of August. It is, however, very sus-
ceptible to blight in the tubers. Where grown
for seed, as in Donegal, it is often sprayed
only once, about the first week in July, and
then the haulm is burned off with chlorate
about mid-August.

Relatively little haulm destruction is done
in Eire, except on the seed crops., No doubt
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the rapid destruction of the haulm by blight
in September commonly renders the treat-
ment unnecessary. Where haulm destruction
is done, the material chiefly used is sodium
chlorate. No arsenites are employed.

SPRAYING TRIALS

A series of spraying trials on the variety
Up-to-Date was carried out to a uniform
plan over the years 1927-32 at Glasnevin,
Dublin, by Murphy and McKay (1933), These
trials were made over a run of years in which
slight, average, and severe attacks appear
to have been very fairly represented, in com-
parison with the general accounts of the
epidemics in more recent years. The spray-
ing was done by knapsack sprayer, using
generous amounts of 2 percent burgundy mix-
ture, with 2 applications in 1927 and 1930,
and with 3 applications in the other years. The
leading results are given in table 30.

From these results it will be seen that even
at Dublin the haulm was completely killed by
blight at the end of August or in early Sep-
tember 5 years in 6. The mean gain from
spraying over the 6 years was 2.5 tons per
acre. Additional trials with 3 sprayings were
also made on British Queen and Arran Vic-
tory in 1931, and on Golden Wonder in 1932,
and the mean increase of marketable crop
from all 7 trials in which 3 spraylngs were
given was 31 tons per acre.

In discussing the losses due to blight and
the economics of spraying Murphy and McKay
pointed out that in most of the many field
experiments on spraying in Ireland the in-
crease of sound yield was from 13 to 2 tons
per acre. Even with this gain, the sprayed
plots always suffered to a greater or less
extent despite the spraying. The authors con-
sidered that 3} tons per acre, the gainachieved
with fairly complete protection by the 3 spray-
ings in their trials on all varieties would not
be an overestimate of the total average loss
from blight in Ireland as a whole. In other
words, the normal practical spraying in Ire-
land saves about half the total loss from
blight; an estimate in close accordance with
the findings, in this study, on the efficiency
of spraying in blight years in England and
Wales.

Some phytotoxic checking of the growth of
the haulm by the very strong 2 percent
burgundy mixture was noted by Murphy and
McKay in their trials, In the very severe
blight year 1932, in which 1 percent burgundy
was included for comparison, it gave as good
results as the 2 percent mixture. A wealth
of trial data on the comparison of 1 percent
and 2 percent burgundy mixtures is to be
found in the historic reports by Pethybridge
(1910-19) on potato diseases in Ireland. The
average results of a series of trials carried
out in Galway over the years 1911-18 were
as follows:
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Tons per acre from

Crop: crops sprayed with
burgundy mixture of--
1 percent 2 percent
Healthy- - - - - - - 10.8 10.8
Blighted - - - - - - .5 4
Total- - ---- - 11.3 11.2

Thus, it would appear that the expensive
and very strong 2 percent burgundy mixture
has little advantage over 1 percent burgundy,
except where very heavy deposits are required
to persist as long as possible from the last
spraying.

Copper dusting was compared with spraying
in the trials of Murphy and McKay, and even
at very heavy rates of application dusting
was inferior to the burgundy mixture.Bouisol,
the first of the colloidal copper fungicides,
was included in the trials in 1931 and 1932;
not until its rate of application (in terms of
Cu dosage) was brought up to half that of
1 percent burgundy mixture (namely to1.251b.
Cu per 100 gallons) did the results approach
those of burgundy mixture.

SPRAYING IN RELATION TO THE DEVELOP-
MENT OF THE POTATO PLANT

Following up clues that became apparent
in the course of the trials made with
McKay, Murphy (1939) went on in the years
1934-37 to evolve a new kind of potato
spraying trial that was to reveal the
essential relationship between increase of
yield and protection of foliage, and pro-
vide the vyardstick by which blight epi-
demics could be measured, not only in
Ireland, but throughout the world. No longer
content with determining yields from the
sprayed and unsprayed crops, he studied
the whole course of growth and decline
of the haulm, and of increase in weight
of the tubers (1) in plots kept completely
free from blight by frequent applica-
tions of a weak copper fungicide having
no phytotoxic effect, (2) in plots commer-
cially sprayed, and (3) in plots left
unsprayed.

It was not until 1937 that the method
was perfected, and in this year, which
was one in which the blight attack (start-
ing on July 24) was average at Glasnevin
(with 2.0 inches of rain in July, 2.7 in
August, and 1.4 in September), Murphy
at last had plots of Up-to-Date in which
the haulm was kept completely free from
blight, with no phytotoxic effects and
no premature dying off owing to dry weather--
a more or less perfect crop growing on
to the end of its growing period.
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Fortnightly liftings on this protected crop
showed the proportion of the final or potential
crop that was present on various dates from
July 5 onward. These figures are givenintable
31, and to this table are added the corre-

sponding figures later determined for
Majestic in England and Wales (see fig.
8).

)There is remarkably close agreement
between Murphy's first figures for Up-

to-Date and the mean figures obtained for
Majestic in England; which indicates that,
in 1937 at any rate, the late maincrop
Up-to-Date was bulking in Ireland at about
the same average rate as Majestic in
England,

From periodic weighings of the leaves
and total haulm, which he also made in
the course of his trials, Murphy concluded
that when the weight of the haulm had been
reduced to about 55 percent of Iits
maximum and the weight of the leaves to
between 30 and 40 percent of their maxi-
mum, tuber production ceased. At this
point of stoppage of tuber formation he
described the field as looking gray
green at a distance, with stalks still green,
but with all the leaves dead except for
tufts of 6 or more at the apices of the
shoots. This stage, corresponding to 75
to 90 percent on the later evolved B.M.S.
scale (B.M.S., 1947) occurred about Au-
gust 28 on the unsprayed plots at Glas-
nevin in 1937. In effect, as Murphy pointed
out, the final vyield from the unsprayed
plots should be approximately the same
as the yield reached by August 28 on
the plots kept entirely free from blight
by frequent spraying.

TABLE 31. --Progress of tuber development of
Up-to-Date potato in GlasnevinIreland, 1937,
and of Majestic in England

Up-to-Date .
Majestic,
Date Proportion | proportion
lifted Yield | of total | Oof total
yield mean yield
Tons/
acre Percent Percent
JUIY Seevenne 1.74 12 --
July 19...... 3.90 27 34
Aug. Receeees | 6.87 47 52
Aug. 16..0... | 9.90 68 73
Aug. 30...... [ 12.24 84 86
Sept. 13..... | 13.93 96 96
Septe 27eeeee | 14.64 100 100

From a plotting of the tuber growth curve
from the data in table 31, the total yield under
the perfectly protected plants on August 28



was 11.9 tons per acre. The actual yield
as determined by lifting was 11.7 tons per
acre, in almost exact accordance with the

theory. The total yields present by various
dates in the plots that received each of the 3

treatments are shown in table 32.

1 ’

Treatment field
July 5 July 19 Aug. 2 Aug. 16 | Aug. 30 Sept. 13 | Sept. 27
Tons/acre | Tons/acre | Tons/acre | Tons/acre |Tons/acre | Tons/acre |Tons/acre
Complete control..... 1.7 3.9 6.9 9.9 12.2 13.9 14.6
2 percent burgundy
(3 spraylngs).eeeec.. 2.1 4.3 7.3 9.6 11.3 12.9 13.6
Unsprayedescesceceees 1.9 4.6 7.5 10.0 11.5 11.7 11.7

The date of stoppage of growth in the plots
sprayed with 2 percent burgundy mixture (on
June 30, July 16, and August 9), as estimated
by Murphy's weighing method, was September
24, very little different from that in the plots
with complete control (Sept. 26). But the
curves given in his paper for the progress
of decline of the foliage show a wider sepa-
ration in late August and early September,
so that the 75 percent point by the English
method would have been perhaps a week earlier,
in better accordance with the difference of
yield. However, there was a lower maximum
weight of haulm in the plots sprayed 3 times
with the strong 2 percent burgundy mixture,
which indicates some checking effect on growth
that may also have affected the yield.

ESTIMATION OF BLIGHT LOSSES IN IRELAND

The method that Murphy's work suggested
of estimating blight losses, from a mean
growth curve for the tubers and survey infor-
mation on the dates at which growth is stopped
by blight on the sprayed and unsprayed crops,
has not yet been applied and developed in
Ireland as it has been in England and Wales.
There are not the necessary data for anyclose
analysis of the blight losses in Ireland region
by region or year by year, and it may well be
that Kerr's Pink often puts on rather more of
its tuber weight in September than is indicated
by Murphy's data for Up-to-Date in the single
season, 1937, It is of interest, however, to take
Murphy's figures as a basis and then see what
measure of defoliation loss they wouldindicate
when some near estimates are made of mean
dates of stoppage of growth by blight.

Perhaps it would be fair to say that in 7 or
8 years out of 10 in Eire the average date at
which blight would stop growth on the main-
crops, if they were left unsprayed, would be
about the end of the third week in August

(earlier in Galway, later in Dublin, but August
23 on average). Spraying with 3 applications
sometimes defers the stoppage of growth by
blight until mid-September or even until the
end of the season, but it is probable that with
the usual 2 sprayings, and sometimes only 1,
the average gain from spraying can be put at
about half a month's full growth at the end of
August and beginning of September, equivalent
to stoppage of growth on September 8. The
total defoliation loss from blight and the gain
from spraying, on a 121-ton potential total
crop, on the basis of Murphy's figures would
then be as shown in table 33.

It is difficult to form any estimate of the
mean loss due to blighted tubers in Ireland.
As in England and Wales, the losses in
individual crops may range from negligible
amounts to several tons per acre. Perhaps
the loss of 4 or 5 percent as found by Pethy-
bridge over his long series of trials is fairly
representative for sprayed ware crops, and
the loss could be expected to be twiceas great
in the unsprayed. Estimates of 4 and 8 per-
cent, respectively, for the losses due to blighted
tubers are entered in table 33, The mean total
loss on a 121-ton potential crop due both to
defoliation and to blight intubers thenbecomes
3.8 tons per acre; of this loss, 2.3 tons per
acre is recovered by the usual commercial
spraying.

These figures are in reasonable agreement
with the estimate of 33 tons peracre total loss
made by Murphy and McKay on the basis of
their trials; and they serve to illustrate that
the method of estimation based on Murphy's
growth curve gives results of at leastthe right
order. It should be borne in mind, however,
that table 33 is for ware maincrops and not
for the seed crops that are burned off pre-
maturely, and in which the percentage of
blighted tubers is much less. It is also based
on the growth curve fora late maincrop, and
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TABLE 33. --Loss estimations for maincrops in Eire on basis of Murphy's findings

Item

Date of stoppage Of growtheeceeceesscescene

Percentage of potential crop
(from Murphy's growth curve).....

TOtBL CrOPecescesscsccccsessssesss tONS PEr ACTE..
Gain from spraying............tons per acre..
.tons per acre..

Total defoliation 10SS.eeee..

Percentage of blighted tUDETS.sssesscsssscscccocs |

Healthy CIrOPececececcsccscsscccscsssstOns per acre..
...tons per acre..

Total 10SSeecessssssssssssesssstOnNs per acre..

Gain from sprayingeeccceece..

P Potential crop
Unsprayed Spraye (no blight)
Aug. 23 Sept. 8 Sept. 27
76 92 100
9.5 11.5 12.5
-- 2.0 --
3.0 -- --
8 4 0
8.7 11.0 12.5
-- 2.3 --
3.8 -- -

it may not hold for Arran Banner. In the
occasional dry, warm seasons, such as 1949
and 1955, the blightlosses are undoubtedlyless,
but the lack of rain reduces the crop.

FORECASTING

With severe or moderately severe blight
epidemics occurring in 7 or 8 years of 10,
routine spraying every year is well justified
in Ireland. The requirements of a forecasting
system for Ireland are different from those in
England and Wales, where over much of the
country spraying is rarely needed at all, and
even in the Fens only about every other year
is a blight year. In England one of the main
objects of forecasting is to discourage spray-
ing in the ‘‘no-blight’’ years when it can do
positive harm. In Ireland spraying is needed
almost every year, but the fact remains that
the Irish farmers are attempting to combat
severe epidemics with a very small number
of spray applications--generally only two, and
at most a reluctant three. The highly retentive
burgundy mixture is used, and this helps, but
still the mean gain from spraying is only about
half the total loss from blight, and there is
every inducement for trying to raise the over-
all efficiency of the spraying by the best
possible timing of the spray applications in
relation to the weather conditions.

In 1952, a new approach to forecasting was
made by Austin Bourke of the Irish Meteoro-
logical Service. In this system, as it has since
been developed and put into use in Ireland
(Bourke, 1953a, 1953b, 1955), the stress is on
detecting every progressive spell of weather
favorable for the development of blight and on
advising farmers whenever the more important
of such spells occur, from June through August,
so that not only their first sprayings but also
their second and, where necessary, their third
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sprayings can be applied knowledgeably and to
the best advantage. The very early spells of
blight weather, corresponding more or less
to the first few outbreaks, which, as McKay
(1957) has so clearly shown, often occur in May
or even in April, are not made the subject of
press notices, as this would confuse the
growers and might lead to premature spraying.
It is not until the early blight weather spells
have been such as to permit 3 to5 generations
of the fungus that aninitial warning of the onset
of the disease is issued. This is almost
invariably in the latter half of June, when it has
the effect of strongly reinforcing the Depart-
ment's long-standing advice that the first spray
should be put on about that time, according to
weather conditions.

A minimum humid period favoring the spread
of potato blight consists,according to Bourke's
*‘Irish Rules,"® of

Twelve consecutive hours with relative
humidity not below 90 per cent and tem-
perature not below 50° F, followed im-
mediately by a further four hours with the
plants wet, either due to rain, drizzle or
high humidity (fog, mist or dew).

Such a minimum ‘‘'blight weather spell”
means one having an ‘‘effective duration' of
1 hour; any longer spell has an effective dura-
tion of 1 hour plus the excess over the re-
quired minimum,

This is a temperature-humidity rule, similar
to the Beaumont rule as employed in England
and Wales in that it has the same minimum
temperature requirement and that it demands
a continuous spell of high humidity; but the
rule differs from the Beaumont rule in that it
was derived from a theoretical consideration
of the findings of Crosier (1934) on the condi-
tions required for the sporulation and infection
processes of the fungus and in that a shorter
minimum period at higher relative humidity is
taken as critical.



In the operation of the system, routine
hourly weather reports from a network of 9or
10 weather stations are used, and the *“‘effec-
tive durations’® of all *‘blight weather spellg”’
(humidity conditions measured in standard
screens 4 ft. above ground level) are entered
on maps from day to day at the Central Fore-
cast Office in Dublin, The probable geographi-
cal limite of each spell are thendetermined by
examination of the synoptic weather charts for
the period in question.

IRELAND

CHART 3 CHART 14

Occasiong/ spots

4

June 19th June 2Ist —22nd

CHART IS CHART (6

June 26th — 28th
CHART /8

June 25th
CHART (7

July Sth—6th

June 30¢th —July 2nd

FIGHRE 20.--Part of a series of charts showing areas of Ireland
affected by successive spells of blight weather in 1953. Effective
durations of the spells at the several stations are given in hours.
(Bourke, 1953b.)

A part of the sequence of these maps for
1953, from Bourke (1953b) is here reproduced
in figure 20 to illustrate the method. After the
spell shown on June 21-22, a first spray
warning was broadcast on June 22 as follows:

Weather favorable for the spread of potato
blight occurred over most of Ireland
during the past week-end, and is likely
to recur in the west during the next few
days. Blight may be noticeable aboutmid-
week in many areas, Weather will be
suitable for spraying during most of the
week.,

Other warnings were issued following the
spell shown for July 5-6, and later spells on
July 19-20, August 4-9, and August 29 (for
burning off). In effect, these warnings gave
very good advice for the season, which was one
in which blight became more or less general
from mid-July onward.

It has not been possible to test the Bourke
system of forecasting inIreland so thoroughly
as the Beaumont system (with operations
charts) has been tested in England and Wales,
owing to the lack in Ireland of any systematic
blight surveying and assessment by standard
key. The forecasts have nevertheless been in
reasonably good accordance with the general
observations on blight made by the Depart-
ment's inspectors who have participated in the
work, and there is no doubt that Bourke's
method is among the most sensitive yet pro-
posed for the measurement of ‘‘blight wea-
ther.'’ The application of the method in Chile
is illustrated in figure 79 of this study.

The advance made by Bourke does not lie so
much in the choice of the humidity criteria,
for Smith’s (1956b) work on forecasting by 90
percent humidity criteria in England and
Wales has indicated that there is usually a
fairly close correspondence between Bourke
and Beaumont periods when the principal spells
of blight weather occur. Both methods give
good results in the hands of those experienced
in their use, The important step forwardis the
correlation of critical humidity periods (how-
ever defined) with specific weather situations
as revealed by synoptic mapsandwithairmass
analysis (Bourke, 1957). This is a procedure
that may find an application in many parts of
the world, especially where forecasting has to
be attempted for a wide area withno very close
network of weather stations, To illustrate the
possibilities, Bourke’s chart for mid-July
1956 is here reproduced (fig. 21). Working in
Dublin and from a study of the synoptic maps
alone, he was able to see that a severe blight
weather spell which occurred in Ireland over
the period July 14-17 must also have occurred
in England and Wales, and indeed over much
of western Europe. This was fully substantiated
for England and Wales, and as far as could
later be ascertained, it was also true for the
areas indicated in other countries--from the
Baltic countries to northern France.

57



IRELAND
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C

FIGURE 21.--Blight weather in Ireland and parts of western Europe, July 13-18, 1956 (Bourke, 1957): a, Surface weather map for July 14,
showing continental slow-moving, or ‘‘puddle,’’ low; b, effective duration of blight weather in Ireland, July 15-18; and ¢, approximate limits
of blight weather arising from the synoptic situation (cross hatching shows the area most seriously affected).
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SUMMARY: REPUBLIC OF IRELAND

Potato spraying is now so universal in Eire
that it is difficult to estimate what the loss
from blight would be in its absence. No blight
surveys or critical series of spraying trials
have been carried out recently, But from con-
sideration of the weather conditions, general
accounts of blight in each year, and the results
of trials under similar conditions in the past,
it is estimated that in Ireland the haulm of
unsprayed maincrops would be killed by blight
between mid-August and the end of August in
7 or 8 yearsoutof 10, witha mean loss through

premature defoliation and blight in tubers of
3} to 4 tons per acre. Of this loss about 2}
tons per acre can be saved by 2 or 3 applica-
tions of burgundy mixture, which prolongs the
useful growth of the haulm by 2 or 3 weeks and
also substantially reduces tuber infection. Eire
has an important seed-potato trade. Burning off
is practiced on the seed crops, and blight
losses in them are small, Many fundamental
contributions to knowledge of potato blight,
including its relation to the growth rhythm of
the potato plant and more recently to fore-
casting methods, have come from Ireland--the
traditional home of the potato in Europe.
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FRANCE

France grows annually about 2,500,000 acres
of potatoes. Half the crop is used for human
consumption, about 284 1b, per head each year
(Russell (E. J.), 1954). Large quantities are
fed to livestock, principally pigs; small
amounts are manufactured into starch; and the
rest is used for seed. Certified seed produc-
tion is on a small scale. In 1954 it accounted
for slightly under 3 percent of the total potato
acreage, But the seed growers have been
responsible for much of the technical progress
made in French potato production during recent
years. An account of the seed-potato industry
and its future trends has been given by Demes-
may (1954). The output of French certified
seed plus imports of such seed frormn other
countries, mainly Holland, is sufficient to plant
only about one-fifth of the total acreage. This
may, in part, account for the rather low
average yield of potatoes in France, which for
the period 1948-50 was 5 tons per acre
(F.A.O., 1955).

PCTATO DISTRIBUTION AND VARIETIES

The distribution map (fig. 22) shows a
scatter of potatoes throughout the whole coun-
try. There is a marked concentration in
Brittany (19 percent of the total potato acreage
was in this province in 1954), and smaller
concentrations in north-central France (the
Paris basin through to Nord), eastern France,
and across the center of the country (northern
part of the Central Massif). The main early
potato-growing areas are in Brittany and in
the departments surrounding the mouth of the
river Rhone in the south of France. Inthe latter
area, 56 percent of the potato acreage is
planted with early varieties, Early varieties
are also grown in the vicinity of the large
towns; e.g., in the Paris basin and near Bor-
deaux. Brittany is also the most important
seed-growing area, accounting for approxi-
mately 70 percent of the total seed acreage.
The only other important seed district is in
northern France, concentrated in the five de-
partments, Nord, Pas de Calais, Somme, Oise,
and Aisne.

Some idea of the relative importance of the
different poti.to varieties grown in France can
be gaged from figures published by the Seed
Growers’ Association: They have also given
a description of these varieties (Federation
Nationale, 1955a, 1955b). Table 34 shows the
acreages of the 10 leading French potato
varieties grown for seed in 1955.
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TABLE 34,--Acreages of leading potato
varieties grown for seed in France, 1955

Certified
Variety seed
Acres
Bintjeeeeeercseseococccrococncocs 43,171
ACKETSEEeNereeeoosrossscscosssoe 5,928
Institut de Beauvais.cececeececes 2,438
Etoile du LAON.eeeeecsccsceeanns . 2,354
S86K1Aseeececesssrsvssccccvccccns 2,240
Arren BanNeleeccescecccccsccscons 2,191
Be Fo L150eseceenssccssoceaccannns 2,065
Ker PONdyeceeeoscoscescscccccocss 1,529
KraSaAvVaseeesesosessscsscssssoscse o L,2%
UrgentBeceeeeesoescscnse cesereene 1,063,

The outstanding point is the preponderance
of Bintje, which is widely grown throughout
France. It is very susceptible to blight, but,
as it is relatively early maturing, Bintje often
escapes the full severity of epidemics. Acker-
segen is the most popular late variety, and
Etoile du Leon and Saskia the most common
early varieties.

SOIL, CLIMATE, AND CULTIVATION

In Brittany and the Central Massif (fig. 23),
the potato soils are generally light, and are
derived from underlying granite and schist
rock formations. in northernFrance, including
the Paris basin, and in eastern France, the
soils are heavier, but usually overlie a sub-
soil that is predominantly sandy.

France exhibits the three main European
climatic types--maritime, continental, and
Mediterranean. In the potato-growing areas
of Brittany, the climate is predominantly
maritime, although it is modified in the depart-
ments farthest from the coast. This maritime
climate is characterized by a marked autumn
and winter rainfall peak, relatively mild win-
ters, and cool summers. Total annual rainfall
is around 30 inches. In northernFrance (Nord,
Pas de Calais), there is a modified maritime
climate, whereas farther south in the Paris
area continental influences are more impor-
tant. The potato-growing districts of eastern
France are under the influence of a fully con-
tinental type of climate. Summer and winter
temperatures are more extreme than in the



FIGURE 22.--Distribution of potato growing in France, 1954. (After Klatzmann, 1955.)

west, and the rainfall peak occurs in the sum-
mer months. Total annual rainfall, approxi-
mately 24 in., however, is lower than in the
west, The true Mediterranean climate with its
hot summers and characteristic periods of
drought is confined to the coastal areas of
southern France. Generally speaking, this is
not an important potato-growing area, apart
from the early crops grown around the mouth
of the river Rhone.

The main planting takes place in mid-April.
Planting of early varieties in Brittany is

carried out at the end of February to early
March. Seed crops in Brittany are burned off
compulsorily in mid-July. The maturity of
mid-season and late varieties varies from
approximately mid-August to mid-September.

One-third of the total manpower in France
is still engaged directly in agriculture, and
apart from the north-central area of the
country, mechanization is not very far ad-
vanced., Potatoes are still largely planted by
hand. The seed is not usually cut. Potato rows
are about 28 in, wide, and mid-season andlate
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FIGURE 23.--Key map of France.

varieties are planted from 18 to 22 in. apart
in the rows. The potatoes are almost always
ridged up. Storage is in farm buildings or,
where the winters are mild, in field clamps.
A description of ware potato production
methods has been given by Malmonté (1954).

FREQUENCY OF BLIGHT EPIDEMICS

The importance and incidence of blight
vary considerably between the differentareas.
Broadly speaking, if a line is drawn across
France from Strasbourg to Bordeaux, the
disease is important north of the line. South
of the line, blight is considerably less impor-
tant, although inthe intensively cultivated river
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valley areas (e.g., valleys of the Garonne and
Durance) where some potatoes are grownunder
irrigation, heavy losses from blight may occur.

In the north of France, the four main potato-
growing districts differ from each other in
climatic and soil conditions and blight inci-
dence. (1) In Brittany the disease occursevery
year. (2) In north-central France, which in-
cludes the Paris basin, blightincidence appears
to be fairly uniform, although there are cli-
matic differences within this area. Severe
attacks occur about 1 year in 3. (3) In eastern
France blight is somewhat less important than
in north-central France. (4) In the northern
part of the Central Massif the disease is only
occasionally severe,



Very little published survey data on the in-
cidence of potatoblightona year-by-yearbasis
exist for France. Ducomet and Foéx (1939)
have summarized very briefly the attacks of the
disease from 1919 to 1937, In1953, shortnotes
were given anonymously in the Annales des
Epiphyties on attacks in 1951, and Barbotin

3) has given an account of the progress of
blight in 1952. Information on other recent
years has been given to the authors byH. Dar-
poux and M. Guntz of the Station Centrale de
Pathologie Végétale at Versailles, and by P.
Dumas of the Service de la Protection des
Végétaux. From this, it was possible to divide
the 10 years 1947-56 into 3 categories; i.e.,
years in which the incidence of the disease
was slight, moderate, or severe. Table 35
shows the results of this division:

TABLE 35.--Incidence of potato blight in
France, 1947-56

Slight Moderate Severe
1947 1950 1948
1949 1953 1951
1952 1954 --

- 1955 -
- 1956 --

It is not very satisfactory to have to treat
France as a single unit in this way, but it is
not possible to give concise data for the
separate growing regions, as the information
is too fragmentary. In broad terms, the three
categories used in table 35 can be defined as
follows:

Slight: Blight attacks are either ab-
sent or very late throughout
northern France,

Blight attacks are important
in only some parts of northern
France, or the disease is late
in appearance throughout the
whole area.

Blight attacks occur earlyand
are severe throughout north-
ern France.

BLIGHT ON HAULM

The incidence of blight is usually considered
to follow a fairly regular pattern from year to
year. The disease is present every year in
Brittany, where it starts about the middle of
June; the tops of unsprayed potatoes are
usually dead by mid-July. It is normally first
reported in the Paris area about 2 weeks after
its appearance in Brittany, but the course of
the disease both there and in eastern France is
much less certain than in Brittany, and its
incidence is not so severe. In the Central
Massif, blight is usually late and is rarely
Severe.

Moderate:

Severe:

Since 1955, systematic observations on the
development of blight on haulm in relation to
weather conditions have been made at a num-
ber of centers throughout France by the Plant
Protection Service in collaboration with M.
Guntz. The aim is to use these data to improve
the existing blight warning services. Progress
curves supplied by M. Guntz for selected
centers in the main growing regions of northern
France during 1955 and 1956 are shown in
figure 24,

FRANCE
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per cent 50 -
o
100
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5o
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FIGURE 24.--Progress of blight on unsprayed haulm in principal
potato growing regions of northern France in 1955 and 1956;
variety, Bintje.

The year 1955 was exceptional for blight. It
occurred first for a distance of about 50 km.
round the coast of Brittany, but made slow
progress in dry weather except on the coast.
In north-central France, dry weather pre-
vented the development of the disease, but
there were heavy rains in eastern France,
where blight is not usually bad, and these rains
resulted in severe blight attacks. In 1956,
blight appeared late, but made very rapid
progress on the tops of potato plants through-
out northern France.

LOSSES DUE TO PREMATURE DEFOLIATION

BRITTANY: Although the first generalized
field outbreaks of blight in this region do not
normally occur before mid-June, first reports
in the area usually come in much earlier,
sometimes by mid-April, The evidence so far
available suggests that there are considerable
variations in the incidence of blight between
the coastal regions and inland Brittany. This
is shown up in figure 25, which presentsblight
progress curves for unsprayed Bintje at three
centers. Ploudalmézau is on the coast;
Chateaulin is about 15 km. from the coast; and
Rennes, which is a good deal farther east than
the other centers, is at least 60 km, from the

sea.
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FIGURE 25.--Progress of blight on unsprayed haulm at centers in
Brittany, France, 1954-56; variety, Bintje.

There are insufficient data on which to base
yield loss estimates for this area, but some
general statements can be made. The 75 per-
cent blight stage onunsprayedcropsis reached
very early along the coast. Figure 25 shows
that at Ploudalmézau, this stage was reached
at or before mid-July during 1954-56. However,
this early defoliation is unlikely to have a
serious effect on potato yields, as the coastal
strip is the early growing region and imma-
ture potato crops will be dug there from the
end of May onward. Brittany is the principal
seed-growing area, but blight is unlikely to
affect the yields of these crops seriously, as,
in any case, they have to be burned off in mid-
July under compulsory regulations designed
to prevent the spread of virus diseases. The
seed crop, also, receives the greatest amount
of protective spraying.

Despite the importance of early varieties
and of seed-potato growing in the region, most
of the potato acreage is planted with mid-
season varieties (in particular, Bintje) for the
ware market. It seems likely that relatively
heavy yield losses due to premature defolia-
tion following blight attacks will occur very
frequently in crops of these ware varieties if
they are unsprayed. In 1956, blight attacks
were late, but figure 25 shows thatatChateau-
lin the 75 percent stage on unsprayed crops
was reached before the end of July, and at
Rennes the same stage was reached before the
middle of August. The time of maturity of
Bintje is roughly the middle to end of August,
so that unsprayed crops of Bintje will have lost
up to 4 weeks of growth.

NORTHERN FRANCE, outside Brittany: Dif-
ferences in the incidence of blight between the
remaining potato-growing areas of northern
France occur, but precise data for compara-
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tive purposes are lacking. The disease is less
important in these areas than it is in Brittany,
and as a result there may be a tendency to
minimize it.

The only information on which tentativeloss
estimates can be made for northern France,
outside Brittany, comes from a series of
spraying trials against blight carried out at
Attigny (Ardennes), during the period 1948-55,
The results of the 1948 trial have been re-
ported by Raucourt, Lansade, and Ventura
(1949), andfigures for the remaining years have
been given to us by E. Ventura. These trials
were not designed to estimate losses but to
compare the efficiency of anumber of different
spray materials by measuring their protective
effect on the haulm, and to compare sprayed
plots to an unsprayed control. In only 2 years
out of 8 were the spray plotslifted and weighed,
Table 36 shows the dates on which the 75
percent blight stage was reached on the un-
sprayed controls each year,andtheincreasein
yield from spraying in the 2 years that the
crop was weighed.

TABLE 36.--Date when 75 percent blight
occurred on unsPrayed Bintje potatoes and
increase in yield 2 years when crop was
sprayed, northern France, 1948-55

Date 75 percent Increase in
Year blight occurred on yield from
unsprayed plots spraying
Percent
1948cecenee Aug. 6 -
1949 ceeess 9 -
1950ccesces 11 -
1951ccecees 16 --
1952¢cc0ces (&) -
1953¢ccccns July 17 33
19540¢00000 Au.g. 14 -
1955600 eess 19 20
1 No blight.

The variety grown was Bintje. Planting took
place around the first week of May, which is
rather late, except in 1953, when it was at the
end of March. In only 1 year was blight absent.
Of the 6 years when the 75 percent blight stage
was reached in August, the latestdate (Aug. 19)
occurred in 1955, when there was a 20 percent
net gain from spraying.

At this stage, the results presented in table
36 can only be used as an indication that blight
losses due to premature defoliation inthis part
of France may be fairly consistently heavy.
Weather conditions at Attigny are very similar
to those in the potato-growing districts of
eastern France, which is not looked upon as a
bad blight area. The inconsistencies between
the Attigny results and the general opinion about



blight in the area can only be cleared up by
more detailed trial and survey work aimed at
estimating losses.

BLIGHT IN TUBERS

H. Darpoux has told us that ‘‘the damage
caused by blight is nearly always the result
of premature destruction of the potato foliage,
leading to a fall in crop yield. Tuber infection
is usually of little importance except in sum-
mers with a particularly heavy rainfall.'’ Both
in 1954 and 1956, however, the rainfall in the
latter part of the summer was high, and heavy
losses from infection, while the tubers were
still in the ground, were reported. Tuber in-
fection is in general regarded as of small im-
portance in view of the widespread growing of
Bintje, which is a very susceptible variety. In
14 years of potato experiments carried out at
high altitudes inthe Central Pyrénées, Chouard
(1949) reported that in no year did blight affect
the keeping quality of the crop, despite the fact
that no control measures were taken against the
disease. .

It is generally considered that the light soils
in Brittany and the Central Massif are more
favorable to tuber infection with blight than the
more loamy soils in the north-central and
eastern growing regions of northern France.
The problem of tubers being infected at lifting
time, by coming into contact with diseased
haulm, does not usually arise in France, owing
to the concentration on early-maturing varie-
ties.

BLIGHT AND WEATHER DATA

The three main types of climate--maritime
(Brittany); continental (eastern France); Medi-
terranean (southern France)--under which
potatoes are grown are illustrated infigure 26.
The climagrams give long-term average tem-
perature and rainfall figures for three repre-
sentative centers, together with planting and
lifting times.

Brittany, which is the worst blight area in
France, has a relatively low summer rainfall.
Compared with eastern France the average
rainfall is lower in Brittany in May, June,
July, and August, although annual rainfall is
considerably higher, due to the high autumn
and winter precipitation. This points the fact
that humidity and not rainfall is the more
important factor affecting blight attacks. The
importance of humidity is borne out from a
consideration of the two blight curves for
Brittany in 1955 shown in figure 25 above.
In that year, rainfall during the growing season
was greater at Chateaulinthan at Ploudalmézau
on the coast. But blight progress was very
much quicker at Ploudalmézau, due to higher
humidity conditions. Rainfall in the center of
Brittany is higher than on the coast, since it
is not until the clouds driven by a prevailing
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FIGURE 26, --Long-term average monthly rainfall and meantemper-
atures in relation to growing periods for three regions in France,

westerly wind reach the higher ground that
the bulk of the rainis precipitated. Nontheless,
the almost invariable story is for blight to be
worse on the coast.

The high summer temperatures and gen-
erally dry conditions account for the minor
importance of blight in southern France, and
at the same time point the reason for the small
interest in midseason and late varieties in the
area.

CONTROL MEASURES

Most of the protective spraying against
blight carried out in France goes on in the
Brittany peninsula, and there, spraying is
concentrated on theseed crop. Little or no
spraying is done on the early crop. In the
potato areas of north-central France, where
the farms are large and highly mechanized,
there is some protective spraying. In other
areas, where much of the crop is grown on
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small farms by peasant proprietors, little
action is taken against the disease.

Spraying is most usually carried out at
high-volume rates (about 1,000 liters per
hectare, which is equivalent to 89 gallons
per acre). Generally, 2 or 3 spray treatments
are given to mid-season and late varieties.
In Brittany and other areas where spraying
against the Colorado beetle is compulsory,
a combined treatment against blight and the
beetle is often applied. DDT is the material
most commonly used against the Colorado
beetle, and the usual practice is to combine
the second treatment against this pest with
the first antiblight spray. Experiments with
low-volume spraying against blight have been
reported by Jouin, Hascoet, and Ventura (1954).
E. Ventura has told us thatin 1951, when blight
was severe, application rates below 300 liters
per hectare (27 gallons per acre) did not give
an adequate control of the disease.

Sprays are more efficient and economical
than dusts, and are far more widely used.
Most protective spraying is still carried out
with copper compounds, the most important
of these being bordeaux mixture, copper oxy-
chloride, and copper oxide. Experiments have
been carried out by Raucourt, Lansade, and
Ventura (1949) to compare the relative effi-
ciency of bordeaux mixture containing 1 per-
cent and 2 percent copper sulfate. In a bad
blight year (1948), the 2 percent bordeaux
mixture was found to be more efficient under
conditions where only 2 or 3 sprayings were
given. In another series of trials in northern
France in 1954 reported by Guntz, Hascoet,
and Ventura (1954), adepressive effect of cop-
per on potato yields was noted when blight
was absent or attacked the crop late in the
growing season. Reduction in yield from the
use of 2 percent bordeaux mixture in these
trials was about 10 percent.

The organic fungicides are not used on any
scale. It has been found that they donot reduce
the crop in dry seasons, but when blight has
been bad the organic materials have had to be
applied more frequently than the copper com-
pounds to give a comparable protection to the
potato foliage. This finding does not accord
well with one of the French farmer's main
aims, which is to keep his number of sprays
down to a minimum. Some recent spraying
trials in France have compared the relative
efficiency of copper and organic fungicides
(Guntz and Ponchet, 1952; Ventura and
Raucourt, 1953).

Haulm killing is not practiced to any extent
outside the seed-growing districts, in par-
ticular Brittany. The tops of certified seed
crops have to be destroyed within a certain
period, as laid down by the seed inspectors,
to prevent the late spread of virus diseases,
and this practice also serves to prevent tuber
blight infection. Materials used are sulfuric
acid and sodium chlorate. Monot (1956) has
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described some of the different methods of
haulm destruction practiced on seed crops,
and at the same time he has compared the
efficiency of a number of different chemicals
used for this purpose.

One method that the French hope to use in
order to reduce blight losses is to grow quickly
maturing potato varieties that will escape most
if not all the effects of blight attacks. To
some extent, they already look upon the wide-
spread growing of Bintje as a control method.
Although very susceptible to blight, Bintje
matures early (mid-August to end of August,
when planted about the middle of April),
and, except in Brittany, it usually escapes
serious yield losses as a result of premature
defoliation even when unsprayed. The Dutch
variety Sirtema, which was put on the market
in 1952, meets this need for very rapid
maturity, but, unfortunately, it is a poor
quality potato and is unlikely to have any
commercial future. Work at La Station
Génétique in Brittany aims to produce a good
quality, quick maturing variety based on breed-
ing with the old German variety, Erste von
Nassengrunde. Some work on blight races is
also being done at this station, but hope of
producing blight-resistant varieties from
Solanum demissum hybrids has been given up,
owing to the ability of the fungus to produce
new races.

POTATO BLIGHT FORECASTING

The whole of France is covered by a network
of 14 regional Stations d’Avertissements (Agri-
cultural Warning Stations) under the adminis-
tration of the Plant Protection Service. A
recent account of the working of these stations
has been given by Journet (1955). In brief,
advice on the correct timing of spray and dust
treatments against a wide range of crop pests
and diseases is sent out at regular intervals
from the stations to cooperating growers in
their regions.

For potato blight, growers are advised
individually by post card when it is time to
spray. The warnings are based on field ob-
servations of blight sent in by observers
(agricultural advisers, farmers, etc.) plus a
general consideration of past and present
weather conditions in the region. No specific
weather rules are used, and the stations do
not provide a forecasting service in the strict
sense of the term. Advice is also broadcast
over the radio and put in the local newspapers.

Table 37, based on information given to the
authors by P. Dumas, shows the dates on
which advice was given to farmers to spray
against blight by the stations during 1955.

France is thus well ahead of most other
countries in offering a blight warning service
to all growers. Full advantage of this service
is not being taken at the present time, but
interest in this type of advice is shown by



TABLE 37. --Dates of spray warnings in France, 1955

Station May June July Angust
Angers..-...n...........-..........-... hndad 9, 21 20 -
F T P 127 6, 13, 28 -- --
BEaAUNECececssscsssoscoscesscecccscscscsccnncse - lO’ 28 2 18 -
Bordeaux...---.-.......................- - 8, 22 6 ==
Clemont-FeI‘I‘&nd....o--................. - ll 21 -
. « VS 124 7, 21 1, 226 17
MONtPELlliere e eeseescssscoscnscsnnsnnans 23 6, 20 4, 19 22
OrleansSeeeeesseseececeecesceccescnaasns - 11, 29 19 -
PariSesecsscscsscscsccrcccencaccnccocsns -- 14, 30 21 --
ReimS..............-.................... - 15 4, 27 -
) = 118 3, 16 6 23
SETESDOUTE e e e eeeeesnsesesrscnsasesscnnss -- 20 9, 221 -
TOulouse...........-----................ - 8, 22 18 ==

1 Spray warning for early crops.

2 pdvice to kill the haulm of severely infected crops.

the progress of the scheme as a whole. Ac-
cording to Journet, membership is increasing
by 25 to 30 percent each year. ’

SUMMARY: FRANCE

Blight is most serious in northern France,
particularly in the Brittany area, where the
climate is maritime. Information ondefoliation
and tuber blight losses is generally lacking,

though surveys of blight on the haulm are now
being made and there have been numerous
spraying trials. Chemical control is concen-
trated on the valuable seed crop. The quick-
maturing Bintje is the most widely grown
variety and largely escapes the worst effects
of blight epidemics. French breeders are try-
ing to produce an even more rapidly maturing
ware potato suitable for winter storage. There
is a well organized plant disease and pest
warning service.

BELGIUM

In Belgium potato yields are among the
highest in the World. Some 250,000 acres of
potatoes are grown each year, with anaverage
yield of about 10 tons per acre (F.A.O., 1956).
The greater part of the crop is usedfor human
consumption, and only a small proportionisfed
to livestock or used for manufacture. The

estimated annual consumption of potatoes per
head in 1947-48 was 315 1lb. (F.A.O., 1948).

The breakup of the potato acreage by province
and also into early, midseason, and late vari-
eties, together with the acreage grownfor seed
is shown in table 38. The figures refer to the
1950 growing season (Belgium, Ministere des

TABLE 38.--Acreages of early, midseason, late, and seed potatoes
in each province, Belgium, 1950

. idseason Late Seed
Province po%:}c‘%gs g%% atoes potatoes potatoes Total
1,000 acres | 1,000 acres | 1,000 acres 1,000 acres | 1,000 acres

MtWerpeeesesscssescccccnns 9.3 7.3 13.7 0.1 30.4
Brabant.seesssecsscccssccns 3.2 14.3 12.8 -- 30.3
West FlanderSeesccccceccsss 2.7 48.4 9.7 .6 6l.4
East FlanderSeeeceeccccecsces 2.0 41.6 19.2 .7 63.5
Hainaut..eeceoeeeseoscccces .9 10.3 7.6 - 18.8
118g€esescreccncsccccccanas 2 1.1 5.3 -- 6.6
Limbourge cececececcscascces .3 3.0 7.9 -- 11.2
Tuxembourg.eeeceesessascese 2 3.0 11.6 .7 15.5
JUE (Ve o Y A 1.7 5.4 -- 7.5
Belgium (tot&l)eeeeseoess 19.2 130.7 93.2 2.1 245.2
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Affaires Economiques, 1953). Belgium prov-
inces and places named in the text are shown
in the map (fig. 27).

The principal midseason and late ware-
producing areas are in the beit of sandy
soils running across the north of Belgium,
with the heaviest concentration in West
Flanders and East Flanders. Early potatoes
are grown in the region of Duffel and Mechlin,
which lie between Antwerp and Brussels..-There
is an early potato district near the coast,
around Lombardsijde in West Flanders; else-
where some early potatoes are grown in the
region of large towns. Home seed production
is concentrated in the polder region of West
Flanders and East Flanders, and in the higher
land in the province of Luxembourg. The
varieties grown in Belgium are the same as
those in the Netherlands. Andries (1953) has
reviewed the importation and home production
of seed potatoes. He shows that Bintje is
the variety most widely grown and Eersteling
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is the most popular early potato. Of the mid-
season varieties, after Bintje, come Record,
Eigenheimer, and IJsselster. The principal
late varieties are Alpha and Voran.

Most of the potatoes are grown on light,
sandy soils. These soils are inherently very
poor, but with the favorable rainfall and a
high level of management and manuring, they
produce excellent crops. In the main potato-
growing areas of northern Belgium, the annual
rainfall is about 28 to 32 inches per annum,
with a slight peak in the summer and autumn
months. Winters are relatively mild and the
summer is cool. (See climagram, figure 28.)
The growing period for Bintje and other
midseason varieties is from the middle or
end of April to early September; late varieties
planted in the middle of April are mature at
the end of September.

Potatoes are grown chiefly on small farms.
In Flanders, farms are very small, about 5
hectare (123 acres) in size, and they suffer
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further from the disadvantage of being carved
up into small strips, very often widely scat-
tered, which seriously hinders the efficiency
of working. Despite their small size, they are
farmed on intensive lines; i.e., the only way
the farmers can get a living is by producing
big crops. Their main crops are rye, oats,
barley, and potatoes. Most of the work is done
by hand and horse‘labor.

BLIGHT EPIDEMICS: FREQUENCY AND
DISTRIBUTION

Since 1941, annual accounts of the blight
epidemics on potatoes in Belgiurm have been
given in the bulletins of the Agricultural
Institute at Gembloux by R. Vanderwalle. These
accounts, which are in very general terms,
have been included in reports on the annual
incidence of a large number of plant diseases
(see Vanderwalle (1942)). From them, it is
possible to group the different years into
three categories: severe, moderate, or slight,
according to the incidence of blight (table 39).
In no year was the disease absent:

TABLE 39. --Incidence of blight in Belgium,

1941-55
Severe Moderate Slight
1941 1942 1944
1946 1943 1947
1951 1945 1948
1953 1950 1949
1954 1952 1955

No report was made for 1951, but indica-
tions are that this was a ‘‘severe'’ year.
The reports for 1954 and 1955 have not yet
been published, but W. Welvaert has provided
information from which the authors have com-
pleted the table.

The relevance of the terms ‘‘severe, mod-
erate,”” and ‘‘slight'’ is best illustrated by
quoting from Vanderwalle's accounts for three
typical years. These are 1953, a ‘‘severe’’
year; 1945, a ‘‘moderate year'’; and 1948, a
‘*slight’’ year.

1953; Blight severe. ‘‘The disease caused
heavy losses to potato growers,
notably in the variety Bintje. It
appeared early (July 1)and alarge-
scale outbreak developed duringthe
next 8 days. On late varieties, the
disease was less important and
less damaging. Protective treat-
ments were carried out frequently
in July to counter the effect of the
rains. Where this was done a good
control of blight was obtained.
There were also heavy tuber rot
losses in this year."

1954: Blight moderate. *‘Climatic condi-
tions did not favour the appearance
of the disease untillate inthe grow-
ing season. The result was that
early varieties, whichare very sus-
ceptible to the disease, and fre-
quently attacked, escaped infection.
The disease appeared on mid-
season and late varieties in an
irregular fashion, according to
area. In the south of the country,
losses were small. In Flanders,
Brabant and Antwerp, the potato
fields were more heavily attacked.
Crop yields were reduced, and
losses were increased by storage
rots, which in some cases reached
20-40 per cent of the crop."’

1948: Blight slight. ‘‘In general, the dis-
ease appeared rather late, and as
a result, it caused little damage,
at any rate to the potato haulm.
There was a certain amount of tuber
blight in susceptible varieties."’

From table 39 it would appear that the
frequency of severe blight years is about 1
year in 3. Belgium is a small country (11,755
sq. miles), with fairly uniform weather condi-
tions. Nevertheless, there is a marked tendency
for blight to start earlier and be more severe
in the northwest, which is the principal potato-
growing area, than in the south and east.
It seems likely that in the Flanders area the
frequency ot severe blight years is somewhat
greater than 1 year in 3.

LOSSES FROM BLIGHT

There is no existing survey material in
Belgium on which estimates of blight losses
can be based. Rigot (1953) has suggested that
the total of losses caused by potato blight is
somewhere between 150 to 200 million francs
per annum. This is equivalent to a loss of
about half a ton of potatoes per acre over the
whole potato acreage each year, and repre-
sents approximately 4 percent of the potential
crop.

Itpis evident from the high average yield of
potatoes that blight losses are toalarge extent
controlled. Even so, severe losses do occur.
This is illustrated by what happened in Flanders
in 1954, which was a bad blight year. The tops
of Bintje, despite the fact that practically all
crops of this variety are protectively sprayed
in the region, were dead by mid-August. This
means that from 2 to 3 weeks of growth were
lost by these crops, representing between
10 to 15 percent loss of crop due to premature
defoliation.

According to W. Welvaert, tuber infection
is mnot a serious source of loss in the main
potato-growing areas of northwestern Belgium.
Tufection before lifting is generally only slight,
mainly because of the sandy soils. Infection
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at harvest is avoided by delaying lifting until
the potato tops are dead. This is made easier
by the concentration on growing midseason
varieties in the area and by the relatively great
labor force (due to the small size of the
holdings) available to deal with the harvest.
Vanderwalle in his annual accounts of blight
reported a number of years in which cases
of severe tuber blight infection of Bintje
occurred. It is not possible to tell from these
accounts how widespread the trouble was, but
it seems fair to infer that severe cases are
relatively isolated. Tuber blightinfectionisnot
a serious problem for the country as a whole.

BLIGHT AND WEATHER DATA

Figure 28 shows thelong-termaverage tem-
perature and rainfall data, together with the
main planting and lifting times for potatoes in
Flanders. Temperature and rainfall conditions
in 1954, when blight was severe, and in 1955,
when it was slight, are compared. In 1954,
the first field outbreaks of the disease occurred
about mid-June, and the tops of midseason
varieties were dead by mid-August. In 1955,
blight appeared only at the extreme end of
the summer.

The high July rainfall in 1954 appears to
have been one of the main causes of the severe
attack; August and September rainfalls were
also above average, the mean temperatures
were generally below average in that summer.
By contrast, 1955 was a hot dry summer.
June, July, and August rainfalls were all
below average; July being a particularly dry
month (0.9 inches of rain). July mean tem-
peratures were 2° F. above average, and
August temperatures 3° above average.

Vandenplas (1955) has explained the coop-
eration that exists between the meteorological
service in Belgium and the agricultural ad-
visory and research services. This has not
so far included any detailed work on potato
blight., Jaivenois and Beck (1956), however,
have described a pilot experiment carried out
in 1955 in Hainaut, in which protective spray
applications were made to potatoes following
Beaumont periods.

CONTROL MEASURES

In Flanders all the farmers apply a number
of protective spray treatments each year.
These are given to the midseason and late
varieties; it is mostunusual for early varieties
to be sprayed. Normally 2 applications are
given: The first, just before the crop meets
in the rows, and the second 2 to 4 weeks later.
Welvaert has said that many of the farmers
do not spray sufficiently often in bad blight
years, when a minimum of 3 applications should
be given. Most of the spraying is done by the
farmers themselves, very often with knapsack
sprayers. There are also a number of spray-
ing contractors at work, many of whom are
local farmers who possess a tractor and
sprayer and are only too glad to supplement
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their income in this way. Outside Flanders,
less spraying is done.

The majority of the farmers use copper
preparations, chiefly copper oxychloride but
sometimes cuprous oxide or bordeaux mixture.
A few farmers (not more than 5 percent)
are using organic fungicides (zineb). To some
extent, the antiblight treatments are combined
with DDT or lead arsenate againstthe Colorado
beetle. The contractors’ charge for a course
of 3 protective sprayings in 1956 was 1,200
to 1,500 francs per hectare--equivalent to
£3 10s. to £4 10s. per acre. Haulm destruction
is practiced only in seed crops. Bintje re-
mains the most popular variety, despite its
extreme susceptibility to blight. In 1941, Van-
derwalle wrote: ‘‘Undoubtedly, Bintje pos-
sesses very great assets, both from aculinary
point of view and also on account of its out-
standing yield, but because of its great sus-
ceptibility to blight, it should be discouraged."’
Up to the present, however, no other variety
has been capable of dislodging Bintje.

Some work on breeding blight resistant potato
varieties has been carried out at the Station
pour 1'Amélioration de la Culture dela Pomme
de Terre, at Libramont in southern Belgium
(Rigot, 1953). So far, no commercial varieties
have come from this station. Roland (1946)
examined the foliage susceptibility to blight
of a number of commercial varieties, which
he classified as resistant (e.g., Aquila), slightly
susceptible (Ackersegen), susceptible (Indus-
trie), and very susceptible (Bintje).

Little or no research or experimental work
is being done in Belgium at the present time
on potato blight control. The last paper on
this subject was that published by Vanderwalle
and Roland (1948), which dealt mainly with a
series of experiments covering the influence
of certain cultural treatments, including
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manuring and date of planting, onthe incidence
and severity of the disease.

SUMMARY: BELGIUM

Most of the potatoes are grown on small
farms, which produce excellent crops. Little
precise data are available on the importance of
blight or the losses that the disease causes,

but in Flanders severe blight conditions appear
!:o occur somewhat more frequently than 1 year
in 3. The small size and awkward layout of
the holdings has not prevented growers from
following an annual spray program against
blight. The system of farming is achieved
only at the expense of a low standard of living
to the growers.

THE NETHERLANDS

During the period 1951-55, approximately
400,000 acres of potatoes were grown each
year in the Netherlands. The average yield of
10 tons per acre is among the highest of any
country in the world (F.A.O., 1955). Only 30
percent of the crop is used for home ware
consumption, which in Holland is about 240 1b.
per head per annum. Of the rest of the crop,
25 percent is used for manufacture, principally
into farina; 20 percent is fed to livestock; and
the remainder is exported as ware potatoes or
as seed, or used for seed at home. The export
of seed to France, Belgium, and other European
countries, as well as to South America and
North Africa, is a most important branch of
the potato industry (Netherlands Ministry of
Agriculture, 1953).

POTATO DISTRIBUTION AND SOIL CONDI-
TIONS

Potatoes are grown in all parts of the country,
with a particularly heavy concentration in the
‘‘peat colonies’’ of Groningen and Drenthe in
the northeast (fig. 29). The acreages of potatoes
in the several provinces in 1955, as given in
Nederlandse Rassenlijst (1956), were:

Thousand
Province: acres

Groningen- - - --------c---- 48.4
Friesland- - - - - = - = o e - oo oo - 22.0
Drenthe - = - = - = - - - oo - - - - 70.9
Overijssel - ---- - n 51.4
Gelderland - - - - - - - - - - - - - - 30.6
Utrecht - - - - - - - - c oo oo oo 3.0
North Holland - = = = = = = = = = = - - 28.7
South Holland - - ----------- 29.4
Zeeland - - - = = == == - oo - -~ 26.2
North Brabant- - - = = = - = = = = - - 45.9
Limburg- - ----c--c-c--ooo- 20.0

Total (Netherlands) - - - - - - - - 376.5

The soils of Holland can conveniently be
divided into four main classes, each with its
own well-defined type of potato production.

SEA CLAY soils occur in the north and west
of the country. These soils are derived from
the sea, and in texture they are fine sandy

and silty loams. The land is low lying; a
large proportion of it is below sea level, and
the soil water table is controlled. The ample
soil moisture and favorable temperatures
induce rapid growth of the potato plants; the
variety Bintje planted in mid-April is meeting
in the drills by mid-June. The principal ware
and seed potato areas of the Netherlands are
on the sea clay soils. De Streek, the most
important early district, is a sea clay area in
the northeast part of the province of North
Holland. Seed-potato production comes under
the control of the N.A.K. (Nederlandse Al-
gemene Keuringsdienst) with headquarters at
Wageningen. The spread of virus diseases in
the seed crops is controlled by the compulsory
destruction of the potato haulm on a certain
date each year, the so-called ‘‘E’’ date. This
varies slightly from year to year and accord-
ing to the grade of the seed, but destruction is
about the middle of July.

RIVER CLAY soils are much less extensive
than the sea clay soils and are generally less
fertile. The Betuwe region in the south of
Gelderland is the most important river clay
area, and is a ware-producing district.

SAND soils are the principal soils of the
south and east of the Netherlands. Rainfall is
very similar to that of the sea clay areas,
but late frosts during the last weeks of April
and first part of May are more likely to
occur, so that planting is delayed. Growth,
too, is slower as the sands are not so well
supplied with soil moisture. The sand soil
regions are areas of mixed farms, and the
potatoes grown are chiefly for fodder, but
are also for ware. The demand for ware
potatoes from the sand soils increases in
years of low potato production, so that dual-
purpose varieties suitable for both ware and
fodder are widely grown.

RECLAIMED PEAT (**DALGRONDEN"")soils
are in the northeastern part of the country. The
top layer of the soil in the ‘‘peat colonies®’
is manmade. Instead of leaving a sterile sub-
soil after the peat had been duginthese areas,
the top layer of peat was used to cover the
subsoil and this in turn was covered with sand
excavated from canals and ditches and brought
to the site by barge. These soils are devoted
very largely to the production of potatoes for
manufacture.

1
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TABLE 40. --Potato varieties listed for resistance to blight in the Netherlands, 1955

Percentage of Blight resistance?
Variety Dutch potato Maturity group £

acreage Foliage Tuber

Percent
VOTaNeceeeseeeccecescssannnas 30 Late
Blnt,Je.:..................... 16 "MidseasOn.sesesesceancass 3 3
Eigenheimereceseecececeeecsas 12 ..do.... 5 3
BeTStelinge e eeenensensensnsss 5.5 E&TLY e nennsnensnnsnenen 3 3
Noordelingeeeeeeeeeseccnncasns 5 lat€eceeoaas e 7.5 8
IJsselster.cceeeeceneeianene. 5 Midseason.eeeeesesseanans 6' 8
Other varietieSe.ceeecvceeases 26.5 cececenneas -- --

1 Higher numbers indicate greater resistance to blight.

The distribution of the 1955 potato crop ac-
cording to soil region was--

Soil region:

Thousand acres

Sea Clay- - ------- 144.2
River Clay - - - - - - - 16.8
Sand ----------- 131.2
Reclaimed Peat - - - - 84.3

Total - - cccece-- 376.5

POTATO VARIETIES

A description of Dutch potato varieties is
given by Hogen Esch, Nijdam, and Siebeneick
(1955) and in the Nederlandse Rassenlijst
(1956). This variety list, a new edition of which
is published each year, covers all agricultural
crops and includes much statistical informa-
tion. Potato varieties are divided into four
main groups--for ware, fodder, manufacture,
and export. Many of the varieties fall into two
or more of these groups. Thus Voran, which
occupies the greatest acreage of any single
variety, is grown for manufacture, fodder,
and export as seed, although its chief use is
for manufacture. Bintje, the next most im-
portant variety, is grown principally for ex-
port as seed and ware. The most popular
variety for home ware consumption is Eigen-
heimer, and the most important early potato
is Eersteling (synonymous with Duke of York).
The Rassenlijst includes a table in which all
potato varieties are given a value on a scale
from 0 to 10 for a number of economic
factors, including resistance to diseases. In
table 40 the most important Dutch varieties
are listed, together with their foliage and
tuber resistance to blight, as assessed by this
scale. The higher numbers represent the
greater degree of resistance.

Early varieties are normally planted toward
the end of March, and lifting starts at the
end of May. The growing period of midseason
potatoes (Bintje) is from mid-April to the end
of August. Late varieties (Voran) are planted
at the end of April or beginning of May for
lifting at the end of September.

WEATHER AND CLIMATIC CONDITIONS

Although the types of soil and amounts of
standing water in canals and ditches are very
different in the sea clay areas to the west and
the sand areas to the east of the Netherlands,
there is no part of the country more than about
100 miles from the coast, and no high land
to break the sweep of the prevailing south-
westerly and northwesterly winds coming in
over the North Sea. Even the highest parts
of the sand areas are not more than 300 ft.
above sea level. The summer rainfall and
temperature conditions over the whole country
are very uniform. This point is demonstrated
clearly by the climagrams given in figure 30
for Groningen in the north; De Bilt on the
border of the sand and clay areas in the middle;
Flushing in the extreme south of the sea clay
lands in Zeeland; and Gemert onthe sandlands
of eastern North Brabant, near the German
border. At all these stations the long-term
average temperatures are about 63° F. in
July and August, and the corresponding mean
rainfall for these months is between 2 and 3}
inches.

Although the winter temperatures in the
Netherlands are muchlower, the mean summer
temperature and rainfall figures are very
similar to those for Penzance in the southwest
of England (compare fig. 6). With a macro-
climate like that of Penzance and a topog-
raphy like that of the English Fens, blight
conditions in the low-lying parts of the Nether-
lands would certainly be expectedtobe severe.

An important consideration affecting the
yields of potatoes and the incidence of blight
in the Netherlands is that in the low-lying
regions the crops are grown with a controlled
water table, so that except in a few areas,
notably on some of the sand lands to the east,
the effects of drought do not so greatly affect
the influence the annual level of potato yields
as in England and Wales. Table 41 shows the
mean monthly rainfall and temperature figures
at De Bilt for each of the years 1950-55. The
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TABLE 41. --Potato yields, with rainfall and temperatures at De Bilt, Netherlands, 1950-56

Mean temperature and Mean 75
Rainfall deviation percent
Year Yield | blight date
June | July | Aug. |Sept. | June | July | Aug. | Sept. (Bintje)
Tons
In. | In. | In. | In. | OF. | %F. | %F. | OF. |7gcre
1911-50000ececcccecces 2.4 2.9 3.2 1.7 60 63 63 58 - -
1950 eeeetnoccccccens 2.6 4.2 7.6 4.8 +3 0 0 -2 9.6 Aug. 1
1951 ceeennncnnncenen. | 1.8 | 2.0 | 4.7 | 2.2 0 -1 -1 +2 | 9.7 | Aug. 8
1952 cceeetcnccecncens 2.6 3.9 3.6 2.2 -1 0 0 =5 10.9 Aug. 18
1953 e eeeteescenncnns 3.2 3.0 4.5 1.5 0 0 -1 -1 9.8 July 25
1954 ceeeceeeseccnnnene 3.6 5.7 4ol 3.5 -1 -5 -2 -1 9.4 Mig. 8
195500 ceeeesscncseaces | 2.0 1.4 2.4 2.6 -2 0 +2 0 |10.7 Aug. 18
1956ecccctectsecncceee 2.7 5.7 4.9 1.9 -5 -1 -5 +1 9.5 Aug. 5

average potato yields for the Netherlands are
also given, together with the estimated mean
75 percent date for unsprayed Bintje.

In the Netherlands, the years of highest
average ndtional yield (1952 and 1955) were
not the years in which the rainfall was highest.
In 1954 and 1950, when the rainfall was
markedly high, the yield was below average.
Also, the high yields in 1952 and 1955 were
in the years in which the blight attack was
latest. Thus, it would appear that, with the
relatively constant supplies of the water needed
by the crops, blight has a far more direct
effect on the annual level of potato yields in the
Netherlands than in England and Wales, and
is of greater importance in the national
economy.

Although mean rainfall and temperature con-
ditions are very similar throughout the Nether-
lands in the summer months, the humidity
conditions, which chiefly affect the incidence
of blight, are variable from area to area.
A study of the critical weather periods shown
in figures 31 and 32 reveals that the variation
even between low-lying clay areas and the
obviously drier sand areas is not so great as
might be expected.

POTATO BLIGHT FORECASTING

The Netherland workers have been the pio-
neers in potato blight forecasting. Continuing
the investigations of L&hnis (1924), Van Ever-
dingen (1926) found that outbreaks of blight
occurred after a period in which the weather
satisfied the following conditions:

1. At least 4 hours of dew during the

2. Minimum temperature during the night:
50° F.

3. Mean cloudiness of the following day
at least 0.8.

4. Precipitation on the same following day
at least 0.1 mm.
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At least 4 hours of dew during the night
was assumed if the minimum night tempera-
ture was at least 1°C. (1.4° F.) lower thanthe
dewpoint at 1900 hours on the preceding eve-
ning or 0800 hours on the following morning.

With the aid of these ‘‘Van Everdingen
Rules'’ and readings from instruments placed
16 inches above ground level in potato fields,
the issuing of blight warning reports was
started in the Netherlands in 1927. The
validity of the Van Everdingen rules under
English conditions was studied by Wiltshire
(1931) and Beaumont (1947). As a result of
his studies year after year under the severe
blight conditions of southwest England, Beau-
mont was able to propose a simplification of
Van Everdingen rules. Beaumont's rule re-
quires two meteorological measurements only,
i.e. minimum temperature and relative humid-
ity. The Beaumont rule (see sectionon England
and Wales) was then very extensively tested in
the Netherlands, as described by Post and
Richel (1951), and it has been adopted since
1948 with the following modifications:

For a critical period there must be two
consecutive days on which the mean rela-
tive humidity does not fall below 82 per
cent on one day and 79 per cent on the
other. The mean relative humidity is taken
as the average of readings made in stand-
ard screens at 2.2m (abow 7 ft.) above
ground level, at 0800, 1400 and 1900 hours.
The minimum temperature on one of the
two days must be at least 50° F.

Observations from a network of weather
stations over the whole country are employed
by the K.N.M.I. (Royal Netherlands Meteor-
ological Institute) at De Bilt for determining the
critical periods, and notifications of their
occurrence in the several regions are issued
to growers over the wireless. The use of
synoptic maps sometimes enables the critical
pPeriods to be forecast adayor twobefore their
occurrence, and this earlier notice gives the
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growers a little extratime betweenthe warning
and the outbreak in which to do their spraying.

In figures 31 and 32 the principal critical
periods given for the years 1951-55 are shown
in relation to the blight progress curves for
two representative potato varieties.In general,
a very good correspondence is shown between
the first critical periods and the dates of
blight outbreaks and between subsequent pe-
riods of blight weather and the rapid progress

of the disease. This agreement is reached
despite the fact that the Netherlands criteria,
with humidity measurements at only 3 times
during the day, are far less exactingthanthose
employed for the forecasting in England and
Wales, where the measurements are made
every hour during both day and night and a
break of only 2 hours at any time breaks the
period. With outbreaks commonly occurringin
the second half of June, critical periods in
June, and indeed in late May, are certainly
significant in the Netherlands, and, as in the
southwest of England and Wales, there is no
need for the postulation of a ‘‘zero date.'
Phenological observations on the state of
forwardness of the crops are, however, taken
into account in issuing spray warnings.

INITIATION OF BLIGHT EPIDEMICS IN THE
SPRING

In his classical paper on the overwintering
and epidemiolegy of Phytophthora infestans,
Van der Zaag (1956) describes averythorough
search for the first appearance of infected
plants in the spring. The district chosen for
this work was De Streek, a region in the north
of the province of North Holland where potatoes,
chiefly of the early Variety Eersteling, occupy
about 80 percent of the total acreage and where
potato blight is usually found earlier than
anywhere else inthe Netherlands.In 1953, when
the most extensive search was made, 27 foci
were found to be established in the Eersteling
crops in De Streek between May 26 and June 18.
Of these, 15 were scattered over an area of
about 16 sq. km. (4,000 acres) and could be
recognized with reasonable certainty as having
arisen from diseased tubers planted. In one
case, in which careful measurements of spread
were made, it was found that where only about
40 plants in the immediate vicinity of the focal
plant were infected by June 4; by June 23 ten
percent of the plants at a distance of 100 yards
to the northeast and 1 percent of those at a
distance of 300 yards, were infected. From
this and many other observations it was con-
cluded that a single infected plantarisingfrom
an infected tuber planted could infect an area
of at least 1 sq. km. (240 acres) within a
month under weather conditions normal in
De Streek, and that the attacks each year
almost certainly originate in this way. Infec-
tion from volunteer plants on refuse heaps
play little part in the story. Van der Zaag
estimated that about 100 diseased tubers would
have to be planted to obtain a single focus,
and that these would be contained in about
1,600 kg. (13 tons) of the Eersteling seed
potatoes.
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FIGURE 32,--Mean blight progress curves for Voran variety in the sand areas of the Netherlands, 1953-56, with the critical weather periods for
each year,

In Van der Zaag's view, the development of
an epidemic in any given district must depend
upon (1) the number of primary foci, (2) the
percentage of the land area occupied by
potatoes, (3) the susceptibility of the varieties
grown, and (4) the macro- and micro-climate.
The effect of the degree of tuber suscepti-
bility of the variety on the number of primary
foci could be expected to be very great. In an
experiment in which 200 to 300 inoculated
tubers of several varieties were planted in
80il at a mean temperature of 50° F. the per-
Centage of emerged plants that produced shoots
infected from the tuber was 10 in Eersteling,
4 in Eigenheimer, and none in Voran. Taking
into - account the factor of varietal suscepti-
bility and the percentage of land occupied by
potatoes, Van der Zaag surmised that the
Probable number of primary foci operative in
starting the blight epidemics in various parts

of the Netherlands would be about 1 per square
kilometer in De Streek (as found by observa-
tion), 1 per 20 sq. km. in North Friesland
and Zeeland, 1 per 70 sq.km. in North Brabant,
and as few as 1 per 600 sq. km. in Utrecht--
with an average of 1 per 60 sq. km. (about
15,000 acres) in the Netherlands as a whole.
An extremely interesting observation was
made on the island of Rottumeroog, 11 km.
north of the Groningen coast, in 1954. Here
an area of a quarter of an acre was planted
with tubers that were entirely healthy, and
there were no groundkeepers. On a close
inspection of the island on July 25 no diseased
plants were found. When blight had spread
throughout the province of Groningen, blight
also appeared on the test crop on the island,
indicating that the sporangia were carried by
the wind over a distance of at least 11 km.
(nearly 7 miles) without losing their viability.
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NETHERLAND BLIGHT SURVEYS SINCE 1951

Since 1951 a countrywide survey of theinci-
dence of blight has been conducted each year
in the Netherlands by the Plant Protection
Service in collaboration with advisory officers
and farmers. The accounts of this work are
given in the Yearbooks of the Service (Nether-
lands Plantenziektenkundige Dienst, Wagenin-
gen, 1953-55; Lint and Meijers, 1956 and 1957
(in press)). Some 400 to 600 observation fields
have been included in the surveys each year,
and a wealth of information has been obtained
on the extent to which spraying is practiced,
the dates of outbreak and progress of blight
on the haulm, and the percentages of blighted
tubers at lifting. Some information has also
been obtained on the effect of the blight attack
on yield, but the figures derived in various
ways from sampling small areas have been
incomplete and not always very reliable. How-
ever a limited number of spraying trials have
been conducted in several districts each year
for which good ylield figures are available.
Both the surveys and the trials have been
carried out in relation to the warning serv-
ice operated by the K.N.M.I. at De Bilt.

Throughout the work a standard key has
been used for the assessment of blight on the
haulm. Most of the definitions are the same
as in the B.M.S, key (see section on England
and Wales), but categories intermediate be-
tween 0.1 to 1.0 percent have been added,
and the stages are designated by figures on an
arbitrary 0 to 10 scale. Progress curves ob-
tained by plotting according to this scale are
reversed: The scale figures being in order, not
to attack, but of freedom from attack (10 =no
attack, 0 = completely dead). Atypical curve is
shown in figure 33, which alsogives the B.M.S.
equivalents of the scale. In figures 31 and 32
progress curves for the Netherlands are plotted
according to the English method, using these
equivalents, to facilitate comparison of the
curves with those for other countries.

For the purposes of the survey, observa-
tions have been confined to the three principal
maincrop varieties, Bintje, Eigenheimer, and
Voran, and the results analyzed for these
varieties. Seed crops, which are burned off
prematurely, have been excluded. In 1951 and
1952 mean results were given for the Nether-
lands as a whole, but in 1953 and subse-
quent years the means have been broken
down according to regions--defined as follows:

(South --Zeeland,western parts
of North Brabant, and
the South Holland Is-
lands.

< Middle-The rest of South Hol-

land, North Holland,

and the North East

Polder.

\North--Friesland and Gron-

ingen.

SEA CLAY

8

RIVER CLAY ---------- Certain districts
along the Maas,
Waal, Ryn, and
Ijssel.

South----North Brabant and
Limburg.

Middle --Gelderland and
Overijssel.

North ---Friesland, Gron-
ingen, and Drenthe,
including the vil-
lages on reclaimed
peat land.

SAND

BLIGHT ON THE HAULM

In the review of the very detailed results
of the Netherlands surveys over the 6years,it
is first necessary to consider how many
crops of each variety were included in the
survey for each region and what percentage
of these crops were sprayed. This information,
for 1953, is given in table 42.

In the sea clay areas the number of un-
sprayed crops has been too small for the
extraction of mean figures for the unsprayed,
so that for these important areas the survey
provides information about the incidence of
blight on the sprayed crops only. In the sand
areas, where less than half the crops were
sprayed, comparative figures are available
for both sprayed and unsprayed potatoes. On
average the sprayed Bintje and Eigenheimer
crops received 4 to 5 spray applications each
year in the sea clay areas, and 2 to 3 applica-
tions in the sand land area. The Voran crop,
on the sand lands, received two applications.
This matter of number of applications and
of materials used is considered later in the
section on spraying practice.

The information provided by the surveys
concerning the variety Bintje is here chosen
for the fullest study because of the importance
of this variety, not only in the Netherlands
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FIGURE 33,--Comparison of the Dutch scale for the assessment of
blight on potato haulm with the B, M. S, scale for unsprayed Bintje
variety on sand land, 1953,



TABLE 42. --Number of crops and percentage sprayed of Bintje, Eigenheimer, and Voran potatoes
according to soil areas, Netherlands, 1953

Bint je Eigenheimer Voran
Soil areas
Crops Sprayed Crops Sprayed Crops Sprayed
Number Percent Number Percent Number Percent
Sed ClaYeeceeccscccscsasas 76 94 4, 93 0 0
RiVeT clay..eceececccanss 13 46 9 78 0 0
Sand 1andS...cceecececcccs 85 50 47 23 79 30

but throughout western Europe. The data for
blight on the Bintje haulm in each of the
5 years are summarized graphically by the
progress curves given in figure 31. The
curves for 1951 and 1952 are for the country
as a whole, but the ‘‘unsprayed’’ curves refer
chiefly to the southern sand areas, where
most of the unsprayed Bintje crops are
sitnated, while the ‘‘sprayed’’ curves are the
means for the sprayed crops in both the sand
and the clay areas. For 1953 and subsequent
years, when the survey results were analyzed
according to region, ‘‘sprayed’’ and ‘‘un-
sprayed’’ curves are given for the southern
sand regions, with ‘‘sprayed’’ curves for sea
clay regions. The surveys did not provide
data for the few unsprayed crops in the sea
clay regions, but to complete the picture
as far as possible, approximate ‘‘unsprayed’’
curves for these regions are added from a
study of the blight assessments on the con-
trols in a number of spraying trials.

The curves show that there was a good deal
of variation in the course of the blight attack
according to district in the 5 years (and
especially in 1953), but the curves also give
some indication (sufficient for this study) of
the relative severity of blight on Bintje in the
several years for the Netherlands as a whole.
In all 5 years widespread outbreaks (0.1 per-
cent stage) started on the unsprayed in the
second half of June or in early July. The 75
percent stage (‘‘3'’ on the Netherlands scale)
was reached by the third week of July over a
wide area in 1953 (the worst blight year);
by about the end of the first week in August
in 1951, 1954, and 1956; by mid-August in
1952; and in the second half of August in 1955.
There are not sufficient data to establish a
frequency of ‘‘blight years'' over a long-term
period, but it would perhaps be reasonable
to say that the curves for 1951 strike a fair
average for Bintje in the Netherlands over
the 5 years. That is to say, the mean 75 per-
cent date for the unsprayed crops was about
August 7 and for the sprayed crops about
August 24.

ESTIMATION OF LOSSES FROM PREMATURE
DEFOLIATION

The method of estimating average losses
from an average growth curve, as employed
in England and Wales, has not yet been in-
vestigated in the Netherlands. From figures
obtained in periodic liftings on Bintje in the
North West Polder in 1952 and in the North
East Polder in 1955 on crops free from
blight or at most very little affected, it is,
however, possible to draw up an approximate
mean growth curve for Bintje in the Nether-
lands (fig. 34). Assuming, as in England and
Wales, that further increase in the crop of
tubers is arrested when blight reaches the
75 percent (or ‘‘3'" stage) on the haulm, the
mean percentages of the full potential crop
obtained, as shown by this approximate curve
and in the absence of additional damage from
the passage of sprayer wheels, will be as
shown in table 43.

So far these figures are very tentative,
but they may now be tested by reference to
the actual 75 percent dates and recordedyields
in spray trials. This is done in table 44 for
trials carried out in each of the 3 years,
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FIGURE 34.--Approximate mean growth curves for Bintje and Voran
varieties in the Netherlands, showing percentage of the total crop
of tubers produced by various dates.
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TABLE 43.--Estimated percentage of the
potential crop obtained when the 75 percent
stage of blight on the haulm is reached by
given dates, on Bintje, Netherlands

Date when blight on haulm | Estimated percent-

reaches 75 percent stage | 288 Of potential
crop
JULY 18ccececcoscesccaness 55
S 64
m. l..l................‘ 72
7.................‘. 80
]Aoo‘.oo-oooooo-oooooo 87
21...............‘.“ 93
28cceecscscsccccccnas 97
SEDbe Beverrnnnnnnneeneees 100

1953, 1954 and 1955, at three centers, re-
spectively, at Emmeloord on sandy clay in the
North East Polder, at Terneuzen on the sea
clay in Zeeland, and at Doetinchem on the
sand in the east of Gelderland. The Plant
Protection Service at Wageningen supplied
the data on these trials. Where the original
(total) yields were given inkilograms peracre
they have been converted to equivalent tons
per acre; where they were given in kilograms
per 100 plants they have been leftin that form.
As the full potential yield (with complete con-
trol of blight) was not known, it has been
assumed that the percentage of the potential
crop obtained in the sprayed plots was in
accordance with table 43, and the actual and
estimated percentages in the unsprayed crops
have then been compared.

Throughout these 9 trials, under widely dif-
fering conditions, there was a good practical

TABLE 44. --Checks of estimated against actual yields in 9 spraying trials on Bintje,
Netherlands, 1953-55

1953 1954 1955
Place and data
Unsprayed | Sprayed | Unsprayed | Sprayed | Unsprayed | Sprayed
Emmeloord
Date of 75 percent
blight stage on haulm.ceeeee July 15 Aug. 20 Aug. 3 Aug. 10 Aug. 16 Aug. 29
Estimated yield......percent.. 50 92 75 83 87 97
Actual yield...tons per acre.. 69.2 1121.8 67.2 1 79.6 17.8 20.5
Actual yield.........percent.. 53 92 T4 83 85 97
Terneuzen
Date of 75 percent
blight stage on haulm.eesso. | Aug. 9 Aug. 28 Aug. 6 Aug. 24 Aug. 30 Sept. 9
Estimated yield......percent.. 82 97 78 9% 97 100
Actual yield...tons per acre.. 87.7 1 99.0 17.0 19.4 12.7 13.1
Actual yield.........percent.. 86 97 82 9% 926 100
Doetinchem
Date of 75 percent
blight stage on haulm....... July 26 Aug. 8 Aug. 8 Aug. 17 Avg. 4 Aug. 27
Estimeted yield......percent.. 65 81 81 89 ugllf ug6
Actual yield...tons per acre.. | 45.0 L 62.3 96 1i1m1 10.5 2.7
Actual yield.........percent.. 59 80 85 89 69 96

1 Kilograms per 100 plants.
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agreement between the percentage yield of the
unsprayed crops as estimated from the 75
percent "dates and as determined by actual
lifting. Further investigation of the mean rate
of bulking of Bintje in the Netherlands is
obviously needed. It would appear that the
tentative curve of table 43 and figure 34
fits the available evidence fairly well, and
loss estimates based upon it are probably
the best that can be given at the present
stage. :

The curves for 1951 (fig. 31), suggested
as representing a general average for Bintje
over the 6 years, indicate an average loss
of 20 percent of the potential total crop in
the unsprayed (75 percent date, Aug. 7) and
5 percent in the sprayed (75 percent date,
Aug. 24). In commercial crops, however,
where the spraying is done by tractor-drawn
machines (and not by hand as in the trials)
there is wheel damage also to be taken into
account. The magnitude of this damage has
been investigated by trials in the Netherlands
(Plantenziektenkundige Dienst, Wageningen,
1955, pp. 48-49) and estimated at 3 percent
of the total crop. This figureisinclose agree-
ment with that obtained in England and Wales
with similar machines. Accepting this figure,
the loss in the sprayed crops with 75 percent
date of August 24 would be not 5 but 5 + 3, or
8 percent.

Thus, in ware crops of Bintje, with a poten-
tial yield (were there no blight) of 123 tons
per acre, the average yield of the unsprayed
would be 10 tons per acre and of the sprayed
11} tons per acre--a difference of 1} toms
per acre or 3.75 tonnes per hectare. In 1954,
which according to the progress curves was
about an average year and similar to 1951,
the mean gain from spraying as determined
on 31 crops of Bintje in various parts of the
Netherlands in the blight survey was 3.9
tonnes per hectare--again in very close agree-
ment with the estimate figure. It must be
stressed that all these estimates so far are
of loss of total yield due to defoliation; they
do not include losses due to tuber infection,
which will be considered later.

The survey data and trial figures available
do not permit a similar computation of aver-
age losses in the variety Eigenheimer, but
it would appear that in general the 75 percent
stage on both sprayed and unsprayed crops
of this variety can be expected to be reached
about a week later than in Bintje. The date
of maturity is also somewhat later. This may
counterbalance the slower progress of blight,
so that in practice there may be no great
difference in the defoliation losses with the
two varieties.

For Voran, the variety predominantly grown
in the sand areas, the surveys provided good
data for both unsprayed and sprayed crops
in each of the years 1953, 1954, 1955, and
1956, For this late variety, producing a full

crop by about the end of September, the growth
curve for the tubers is probably similar to
that for Majestic in England and Wales, and
indeed the results of one periodic lifting trial
available for Voran in North East Polder in
1955 agreed almost point by point with the
English Majestic curve.

Figure 32 shows that blight on the un-
sprayed Voran crops in the sand areas reached
the 75 percent stage about the end of August
in 1953 and 1954 and in the second or third
week of September, according to district, in
the dry year 1955; blight reached only the 25
percent stage by the end of September in 1956.
The defoliation losses as determined by sam-
ple lifting of sprayed and unsprayed portions
of a number of crops in the surveys were in
good accordance with those to be expected
from the growth curve for Voran (shown in
figure 34). In 1954 with the 75 percent stage
on the unsprayed occurring at the end of
August and on the sprayed crop at mid-
September, the gain from spraying was a
little over 1 ton per acre; while in 1953,
when the spraying appears to have been less
effective and the 75 percent date occurred
about September 7, the gain from spraying
was only a little over 1 ton per acre. In 1956,
in five spraying trials, the mean 75 percent
date for the unsprayed was the end of August,
and for the sprayed, mid-September. The
mean total yields were 13.6 tons per acre
for the unsprayed and 15.2 for the sprayed,
giving an increase of 1.6 tons for the sprayed
plots - -in exact accordance with the curve.

BLIGHT IN THE TUBERS

The surveys provided good data on the mean
percentages of blighted tubers at lifting in the
3 years 1953-55, as shown in table 45. Each
figure in this table is a mean for a good num-
ber of crops, in all cases at least 10, and
sometimes 30 or more.

The figures indicate a high level of tuber
infection in Bintje and Eigenheimer, par-
ticularly in the sea clay areas, in the wet
seasons of 1954 and 1956, and fairly high
infection in the sand areas in 1953, while in
the dry season of 1955 the level of infection
was low. Tuber infection in Voran in all 3
seasons was relatively low, though the infec-
tion is still considerably higher than for
Majestic in England and Wales. Protective
spraying gave some reduction of tuber infec-
tion in all 3 varieties.

CONTROL: MATERIALS AND METHODS

The amount of protective spraying against
blight varies according to area and the potato
variety grown. In general, the majority of
growers in the sea clay regions spray, whereas
in the sand regions growers spray occasionally.
This is in part a reflection of the differing
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TABLE 45. --Blighted tubers at lifting,
Voran in 2 soil areas,

. . . d
as percentage of total crop, for Bintje, Eigenheimer, an
4 Netherlands, 1953-56

Blighted tubers
Year and soil area Bint je Eigenheimer Voran
Unsprayed | Sprayed | Unsprayed | Sprayed Unsprayed | Sprayed
1953: Percent Percent Percent Percent Percent Percent
S 18Yeeesscocsscccsancnsnns -- 4.8 - 2.0 -- --
S:;d?.?Y...................... 8.1 74 6.2 5.0 2.5 1.4
1954
Sea ClaYeseossscssssccssccnsne -- 11.4 - 9.4 - --
Sandeceececcocsscsscsccccccnse 9.4 5.5 4.3 3.4 2.7 1.0
1955:
Sea ClaYeeecessecscsccccccccses - .5 -- 1.4 - -—
Sandeceeeeccccccccscccsocacnns 3.9 .8 2.4 1.8 2.3 .8
1956:
S€a ClaYeesssessscosanssssonss -- 8.4 - 17.6 - -
Sandecececccssoccccscscececens 7.2 7.9 3.9 3.4 2.8 2.0

susceptibility to blight of the predominant
varieties in the two areas: Bintje on the sea
clay and Voran on the sand. Figures from
the Netherlands surveys showing the propor-
tion of potato crops sprayed illustrate this
variation and are given in table 46.

Over 95 percent of the Bintje crops on sea
clay have been sprayed during 1953-56. There
has been a considerable difference from year
to year in the amount of spraying done on
Voran in the sand regions, but so far as can
be seen this variation does not bear any clear
relationship to the severity of the blight
attack in the particular years. It would appear
that under one-third of the Voran crops on
sand are sprayed against blight. The number
of spray applications given also varies. In
the sea clay regions, Bintje for ware nor-
mally receives 4 or 5 applications, although
seed crops of the same variety, which are
Idlled prematurely in mid-July, are given
only 2 or 3 sprayings. Voran on sand is
usually given 2 applications.

The surveys provide very full information
concerning the materials used in the Nether-
lands for protective spraying over the period
1951-56. Table 47 sets out these materials
and shows their relative importance in the
several years.

Table 47 brings out a number of important
points. The use of bordeaux and burgundy
mixture has been virtually abandoned in recent
years. Copper oxychloride applied alone has
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steadily decreased in importance, although
it is still the commonest fungicide. There
has been a marked increase in the use of the
organic fungicide =zineb, which is applied
principally in the form of a split treatment
followed by copper. The most recent trend is
in the use of stickers to increase the effi-
ciency of application. The results of numerous
spraying trials in which the use of zineb and
copper compounds are compared have been
reported in recent years (Ormel, 1954; Lint
and Meijers, 1955). In the earlier trials,
zineb was disappointing, but its performance
was greatly improved by increasing the appli-
cation rate from 2.7 to 4.5 lb. per acre (3 to
5 kg. per ha.). The general experience has
been that with an equal number of spray
treatments, zineb has given a greaterincrease
in total yield than copper, but that on solls
where tuber blight infection is a problem (the

TABLE 46. --Percentage of Bintje and Voran
crops sprayed, Netherlands, 1953-56

Variety and
soll area 1953 1954 | 1955 1956
Per- | Per- | Per- | per-
Bintje on sea cent |cent |cent | cent
Clayesesaanness 9% 98 95 98
Voran on sand.... 30 45 22 17




TABLE 47.--Spraying materials and percentage of total sprayed area i
Netherlands, 1951-56 on Which they were used,

Material used 1951 1952 1953 1954 1955 1956
Percent | Percent
Bordeaux or b 5 MXture.ssss.s.. 2 > Percint Perifnt Pezfent Per;ent
Copper OXychloride.eeecececeoceasnsss 88 81 79 69 52 42
Cuprous OXid€ecseeeroerooscsocancnnns 4 11 4 4 2 <1l
Colloidal copper preparationS........ - 2 12 6 5 3
Zineb..................-............. - 2 2 7 9 2
Zineb. followed by cOpPpere.cececessccss - -- 2 14 26 31
Zineb followed by copper plus
Sticker.ceeeeeeeeenensennncancnns . -- -- -- -- 6 8
Copper plus stickerisiiececececccennss -- -- -- -- -- 12
Other materials..cceceeccesccscccnnss -- - - -- - 1

sea clay areas) a greater number of diseased
potatoes has offset this effect. In other words,
zineb has proved considerably less effective
than copper in reducing tuber infection. This
can be illustrated by the results of 5 trials on
sea clay and 5 trials on sand in 1954, a year
when tuber infection was very bad in the sea
clay regions. Average results for these trials
are given in table 48. The variety under trial
was Bintje.

Table 48 shows that on both soil types the
total yield of potatoes was highest with the
zineb treatments. On the sand soils, net yield
(total yield less diseased tubers) was 1.5 tons
per acre greater with zineb than with copper,
but on the sea clay, due to the very high per-
centage of blighted tubers in the zineb-treated
plots, this result was almost exactly re-
versed. In the light of their experience the
Dutch recommend that copper alone, or a
split treatment (2 sprayings with zineb, fol-
lowed by copper) should be used for protec-
tive spraying against blight in the sea clay
areas. Zineb, alone, is considered satis-
factory in the sand regions.

A high proportion of the spraying is carried
out by contractors, and most of it is done by
ground machines. Fixed-wing aircraft were
used to spray 13,000 ha. of potatoes against
blight in 1955, but expansion of air spraying
is- limited, owing to the small size of the

by Maan (1954). He particularly mentions the
research work in spraying against potato
blight of Fransen and Kerssen of the Instituut
voor Plantenziektenkundig Onderzoek, Wagen-
ingen. Ground spraying is carried out from
the top only without the use of droplances.
In recent years there has been a considerable
development in spraying at low- and medium-
volume rates., Figures, based on a sample
of 293 sprayed fields, show that in 1956, 22
percent of the growers were spraying at less
than 18 gallons per acre; 41 percent were
spraying at 18 to 53 gallons; and the remain-
ing 37 percent at over 53 gallons. To some
extent spraying against blight is combined
with DDT treatments for the control of the
Colorado beetle.

ECONOMICS OF SPRAYING

Leeuwenburgh (1955)has considered whether
blight control is justified oneconomic grounds.
He states that the cost of one spraying is
approximately 30 guilders per hectare (£1 4s.
per acre), of which, 20 to 22 guilders is the
cost of the material and 8 to 10 guilders the
cost of application. The question of justifica-
tion depends very much on the price obtained
for the potatoes, and this varies considerably
among the different sorts. For example,
Leeuwenburgh quotes prices of 0.15 guilder

majority of the potato fields. Recent develop- per kilo for seed potatoes, 0.1 guilder per

ments in aircraft spraying have beenreviewed

kilo for sea clay ware po

tatoes, and 0.06

TABLE 48. --Yield of tubers (over 1-3/8 in. diameter) from spraying trials with copper and
zineb, Netherlands, 1954

Total Sound tubers
Area Unsprayed| Copper Zineb Unsprayed| Copper Zineb
Tons/acre | Tons/acre | Tons/acre Tons/acre | Tons/acre | Tons/acre
S8 ClAY.eeeecssascscsacasosssns 4.7 15.1 16.2 10.4 12.9 11.6
S ay 12.1 11.5 13.2 11.8 11.2 12.7
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guilder per kilo for ware and manufacturing
potatoes from the sand regions. (These prices
are equivalent to £15, £10, and £6 per ton,
respectively.) Thus, the actual increase in
potato yield required to meet the cost of one
spraying is approximately 200 kg. per ha. for
seed potatoes; 300 kg.perha. for ware potatoes
from sea clay areas; and 500 kg. per ha. for
potatoes from sand areas. In terms of tons
per acre, these yield increases become 0.08,
0.12, and 0.20 ton, respectively.

These figures, taken in conjunction with the
greater resistance to blight of the sand land
potato varieties, and also the smaller impor-
tance of tuber infection in the sand regions,
go a long way toward explaining the markedly
smaller amount of spraying that is done in
these areas as opposed to that done in the
sea clay areas.

FURTHER CONTROL MEASURES

A considerable amount of research workhas
been done in the Netherlands onthe mechanical
and chemical destruction of potato haulm.
Most of this has been in connection withhaulm
destruction in seed crops (Lint and Crucq,
1956), where roto-beating, followed by one or
two sprayings with a chemical such as sodium
arsenite, has been found necessary to effect
the complete killing of the vigorously growing
haulm. In ware crops attacked by blight,
destructive spraying of the potato tops is
also recommended under certain circum-
stances. One spraying is sufficient, Chemicals
used include sodium arsenite, the di-nitro
compounds, and sodium chlorate. Growers,
however, have been advised not to use sodium
arsenite on sand soils, owing to the risk to
succeeding crops of toxic residues remaining
in the soil, Lint and Meijers (1955), reporting
on trials in 1954, concluded that on sea clay
soils it was an economic proposition to burn
off the haulm of a blight-infected susceptible
variety (Bintje) even when this was carried
out at an early date, due to decreased tuber
blight. On sand soils, where tuber infection
is normally slight even in susceptible varie-
ties, Lint and Meijers stated that haulm de-
struction in ware crops was unwarranted.
Further trials in 1955 confirmed these con-
clusions.

Fundamental work on the genetics of blight
resistance has been carried out by Mastenbroek
(1953), and this worker has cooperated in the
setting up of an international nomenclature for
blight races (Black, Mastenbroek, Mills, and
Peterson, 1953). Mastenbroek and Bruin (1955)
have demonstrated that the present common
field race in the Netherlands is race 4. This
research on blight races follows earlier work
by Bruyn (1951), which showed the alleged
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plasticity of the fungus. Since 1951, H. J.
Toxopeus at the Instituut voor Veredeling van
Landbouwgewassen at Wageningen has been
concerned with the breeding of blight-resistant
potatoes and the genetical analysis of im-
munity. In a recent paper (Toxopeus, 1956)
he has discussed the present possibilities in
breeding for blight resistance in potatoes. He
notes the apparent breakdown of fleld re-
sistance to blight of the Irish variety Champion
and suggests that the same thing is happening
to Voran in the Netherlands. He associates.
this breakdown with the ability of the fungus
to adapt itself even to field-resistant varie-
ties, particularly when these predominate
over other varieties in the makeup of the
country’s potato acreage. Toxopeus considers
that the incorporation of R-gene resistance
into new varieties, where this is combined
with a high degree of field resistance, may
be very useful. This is because the effect of
one group of genes is likely to prevent the
establishment of races of the fungus pathogenic
to the other genes. Up till now, no R-gene
blight-resistant varieties of potato have been
grown on a commercial scale in the Nether-
lands.

Van der Zaag (1956) (in connection with his
work in De Streek) has discussed the pos-
sibility of a number of phytosanitary measures
for blight control, including the destruction
of primary foci. The main difficulty here lies
in the detection of the foci at a sufficiently
early stage to make destruction worthwhile.
Some consideration has also been given in the
Netherlands to the effect of storage conditions
on the development of blight in tubers. Work
of this kind is the responsibility of the Stichting
voor Aardappelbewaring (Institute for Potato
Storage) at Wageningen.

SUMMARY: NETHERLANDS

Countrywide blight surveys have been car-
ried out in the Netherlands each year since
1951, using a modification of the B.M.S. key
for the assessment of the disease onthe haulm.
Severe epidemics occur on Bintje and other
midseason varieties in most years, partic-
ularly in the sea clay areas, where, if the ware
crops were left unsprayed, there would be an
average defoliation loss of about 20 percent of
the potential crop, with a further loss of 4 to
10 percent for infection of the tubers. Losses
in Voran, the principal variety grown on the
sand lands, are similar to those in Majestic
in the southern zone of England and Wales. The
valuable seed and ware crops of Bintje and
other susceptible varieties almost all receive
intensive protective spraying. This spraying
usually reduces defoliation losses to about 8
percent, and also gives some reduction of tuber
infection. Much less sprayingis done on Voran.



A marked increase in the use of organic
fungicides for blight controlhas occurredinthe
Netherlands in recent years. The Dutch are
pioneers in potato blight forecasting and have

made many contributions of fundamental im-
portance to breeding for blight resistance and
to the understanding of the origins of blight
epidemics,

DENMARK

Denmark grows annually about 250,000 acres
of potatoes, which produce an average yield of
about 8 tons per acre (Danish Agricultural
Organizations, 1954). According to Russell
(1954), human consumption of potatoes was 282
1b. per head in 1950. In addition, potatoes are
grown for fodder and industrial use. There is
an important export market for Danish seed
potatoes, and to a lesser extent, ware potatoes.
Thus the structure of the industry bears a
very close relationship to that in the Nether-
lands.

| 100 miles N

Figure 35 shows the distribution of potato
growing in Denmark. The main concentration
is in Jutland, particularly the west, and there
is a smaller concentration in north Zealand.
Ware potatoes are grown throughout the coun-
try, but the fodder, industrial, and seed potatoes
are produced principally in Jutland. There is
a center for early potatoes on the island of
Amager, immediately southeast of Copenhagen.

The most important variety is Bintje. This
is a midseason potato, grown for the home
ware market and also for export as ware

DENMARK

/\

Each dot= 680acres

FIGURE 35, --Distribution of potato growing in Denmark, 1951.
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and seed. Other varieties grown on a fairly
large acreage, all of which can be classified
as late-maturing, are Tylstrup Odin (indus-
trial), Alpha (fodder and export), Dianella
(industrial), and Up-to-Date (ware). The crop
is grown principally on the lighter soils. The
main planting takes place in early May and
lifting is carried outinSeptember and October.
Summers are cool, and rainfall is generally
adequate, with a peak in August. This is
illustrated in figure 36.

BLIGHT EPIDEMICS: DISTRIBUTION AND
FREQUENCY

Ernst Gram, who has contributed the infor-
mation on which this section is based, finds
that blight occurs throughout Denmark,
wherever potatoes are grown, and there is no
evidence to show that the disease is worse in
one part of the country thaninanother. Attacks
are most severe where susceptible varieties,
in particular Bintje, are grown. The late varie-
ties for feed and industry, with the exception of
Dianella, show a high degree of blight re-
sistance,

Annual reports on plant diseases, including
potato blight, based on the observations of
plant pathologists and also of agricultural
and horticultural advisers, have been published
since 1884. The present title of these reports,
which include a summary in English, is
Plantesygdomme I Danmark. An attempt has
been made to establish a fixed terminology in
describing the incidence of the various dis-
eases, so that observations from all over the
country can be easily correlated and an over-
all picture obtained. The following simple
scale is used by all reporters:

_ West Jutland _

RAINFALL
inches
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PLANT LIFTING
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RAINFALL \- 60 F 5| - 60 F

5+
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4 50°F 4 SO°F

%
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}7 o

N

v
J A N M J J A S

FIGURE 36.--Mean monthly rainfall and temperature for West Jutland,
Denmark: Above, long-term average; below, “blight' and “no
blight”* years.

86

Description

Incidence of disease

/_\ - 60
F ~ 50 F

) [ Negligible

2 mmm e e e mma e Slight
T Moderate
e Severe

L J I Devastating

In table 49 blight attacks in Denmark are
assessed according to this scale for the period
1945-55, 'The average yield of potatoes in the
country for each of the years 1945-54 (F.A.O,
statistics) are included in the table.

The average yield in the 6 ‘‘blight years''
was 7.0 tons per acre, and inthe 5 other years
about 7.7 tons per acre. The slight evidence
from this analysis tends to indicate that in
Denmark, unlike England and Wales, the in-
crease in potato yield resulting fromincreased
rainfall in the blight years is not balancing
or exceeding the losses caused by blight.

The number of ‘‘blight years®' (scale 4-5)
in the 11 years 1945-55 was 6, indicating a
frequency of about 1 blight year in 2. This
agrees very well with an analysis made by
Gram (1935) of the years 1911-34. In 12 years
out of this 24-year period, blight incidence
was described as negligible to moderate (scale
1-3), and in the remaining 12 years, the dis-
ease was described as severe or devastating
(scale 4-5).

Blight is reported first on early crops,
usually in June. In 1949 (a ‘‘severe’’ year),
the first observation of the disease in the
field was made on June 9, although this was
said to be unusually early. In 1947 (a *‘slight"’
year), first attacks were not reported until
the middle of July. Little exact information
on the progress of blight, after the initial
outbreaks, is given in the annual reports of

TABLE 49. --Yield of potatoes and blight
incidence, Denmark, 1945-55

Year Incidence Average
of blight yield
Blight years:
Rat Tons/acre

19450 cceeececcnnnss b4
1949 ieieeenennnns bty
1950cccececccenans b=ty
b4

4

4

m\I.\TQO\O\
codhOOXMO

1951ccetecencsnnans
1953 ceeeccencccnas
1954 i iciencennns

Other years:

19460 0cececenccnnns 3.5 7.0
1947 eeeeeeennnanns 2 6.9
1948ceeecenccncansss 2.5 8.5
1952.cciceccnncnnns 3.5 8.5
1955 ieeiceencnanss 1 --




Plantesygdomme I Danmark. It would appear,
however, that in a severe blight year, the tops
of midseason and early maincrop potato varie-
ties are completely killed between the middle
to the end of August; and those of late main-
crop varieties between early to mid-September.
In 1945 (‘‘severe’’), it was stated that the tops
of midseason and early maincrop varieties
were practically dead from blight as early
as the end of July, but this seemsto have been
an exceptional season.

BLIGHT LOSSES

A very large number of spraying trials
against blight have been carried out in all
the potato-growing areas of Denmark during
the present century. Figure 37, which has been
adapted from data supplied by Dr.Gram, shows
the average increase in yield (cwt. per acre)
in the sprayed plots as compared-with the
untreated for each of the years 1934-53. These
results are based on figures from 287 separate
spraying trials carried out with bordeaux
mixture.

If figure 37 is compared with table 49 it
will be seen tha